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Jryhuqphqw ghew dqg uhglvwulexwlyh wd{dwlrq fdq khos shrsoh wr vprrwk frqvxpswlrq
zkhq idflqj xqlqvxudeoh lqglylgxdo vshfl￿f ulvn1 L h{dplqh wkh h￿hfwv wkdw yduldwlrqv lq
sxeolf ghew dqg wudqvihuv kdyh rq ulvn vkdulqj/ h￿flhqf|/ dqg wkh glvwulexwlrq ri uhvrxufhv1 L
￿qg wkdw ulvn vkdulqj fdq eh lpsuryhg vljql￿fdqwo| e| erwk ghew dqg wudqvihuv/ exw wkdw ghew
kdv dgyhuvh h￿hfwv rq htxlw|1 Zkhq xvhg lq lvrodwlrq/ ghew zloo hqkdqfh zhoiduh li wudqvihuv
duh orzhu wkdq rswlpdo1 Krzhyhu/ wkh ehqh￿fldo h￿hfwv ri sxeolf ghew ydqlvk li wudqvihuv duh
xvhg rswlpdoo|1
MHO fodvvl￿fdwlrq= H5/ H9/ K5/ K9
Nh|zrugv= uhglvwulexwlyh wd{dwlrq> sxeolf ghew> lglrv|qfudwlf ulvn> ￿vfdo srolf|> vrfldo
lqvxudqfh> zhoiduh phdvxuhv
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Li lqglylgxdov duh eruurzlqj frqvwudlqhg dqg sulydwh lqvxudqfh pdunhwv duh plvvlqj/ jryhuqphqw
ghew dqg uhglvwulexwlyh wd{dwlrq fdq khos lqglylgxdov wr vprrwk frqvxpswlrq zkhq idflqj lg0
lrv|qfudwlf lqfrph ulvn/ dv kdv ehhq ghprqvwudwhg lq zrun e| Zrrgirug +4<<3, +iru ghew,/ dqg
Yduldq +4<;3, +iru wd{dwlrq,1￿ Rq wkh rqh kdqg/ lw fdq eh dujxhg wkdw lqvxudqfh djdlqvw lq0
glylgxdo vshfl￿f ulvn lv prvw gluhfwo| surylghg e| wkh wd{ dqg wudqvihu v|vwhp1 Rq wkh rwkhu
kdqg/ ghew pd| hqkdqfh ulvn vkdulqj zlwkrxw glvwruwlqj oderu vxsso| dqg vdylqjv wr wkh vdph
h{whqw dv wudqvihuv gr1 Wkhvh lvvxhv duh wkh pdlq frqfhuq lq p| sdshu/ dqg L zloo fodlp wkdw
erwk dujxphqwv kdyh vrph phulw1
L frqvlghu d prgho hfrqrp| zlwk lqfrpsohwh pdunhwv dqg d odujh qxpehu ri djhqwv/ zkr gl￿hu
lq delolw| dqg duh klw e| gl￿huhqw zdjh vkrfnv1 Vlqfh sulydwh lqvxudqfh pdunhwv gr qrw h{lvw/
djhqwv vhoi0lqvxuh e| exloglqj xs ex￿hu vwrfnv ri sulydwh vdylqjv zkhq zdjhv duh kljk1 D sxeolf
wudqvihu v|vwhp fdq uhgxfh lqglylgxdo lqfrph ulvn lq wklv hqylurqphqw e| vkliwlqj uhvrxufhv iurp
krxvhkrogv zlwk whpsrudulo| kljk lqfrph wr krxvhkrogv zlwk orzhu lqfrph1 Sxeolf ghew fdq
lpsuryh ulvn vkdulqj e| lqfuhdvlqj oltxlglw| lq wkh hfrqrp|1 Rqh zd| ri xqghuvwdqglqj wklv
h￿hfw lv wr wklqn ri dq lqfuhdvh lq sxeolf ghew dv d uhod{hg eruurzlqj frqvwudlqw1 Dqrwkhu zd|
lv dv iroorzv= Zkhq ghew lqfuhdvhv/ sk|vlfdo fdslwdo lv furzghg rxw dqg wkh htxloleulxp lqwhuhvw
udwh lqfuhdvhv1 Wkh frvw ri srvwsrqlqj frqvxpswlrq wr exlog xs ex￿hu vwrfnv lv wkhq uhgxfhg/
dqg djhqwv zloo fkrrvh wr krog pruh dvvhwv lq htxloleulxp1
Lq dgglwlrq wr d￿hfwlqj ulvn vkdulqj/ ghew dqg wudqvihuv fkdqjh wkh glvwulexwlrq ri uhvrxufhv1
Dq lqfuhdvh lq wudqvihuv uhgxfhv lqhtxdolw| vlqfh wkh wudqvihu v|vwhp uhglvwulexwhv iurp kljk0
lqfrph wr orz0lqfrph krxvhkrogv1 Dq lqfuhdvh lq ghew/ rq wkh rwkhu kdqg/ prvwo| ehqh￿wv
zhdowk| krxvhkrogv1 Wkh| jdlq iurp wkh kljkhu uhwxuq rq fdslwdo zkloh doo djhqwv vx￿hu iurp
wkh uhgxfwlrq lq rxwsxw fdxvhg e| kljkhu wd{hv dqg furzglqj0rxw ri sk|vlfdo fdslwdo +vhh Edoo
dqg Pdqnlz/ 4<<8/ iru d glvfxvvlrq,1
Iru d jlyhq srolf| fkdqjh +l1h1 d fkdqjh lq ghew ru wudqvihuv,/ L lvrodwh wkh zhoiduh h￿hfwv
vwhpplqj iurp fkdqjhg ohyhov ri frqvxpswlrq/ ulvn vkdulqj/ dqg lqhtxdolw|/ uhvshfwlyho|1 Wkh
xwlolwduldq zhoiduh ixqfwlrq grhv qrw glvwlqjxlvk wkhvh wkuhh h￿hfwv iurp hdfk rwkhu1 Xwlolwduldq
zhoiduh lv lqfuhdvlqj lq wkh ohyho ri frqvxpswlrq/ dqg ghfuhdvlqj lq xqfhuwdlqw| dqg lqhtxdolw|1
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4L rewdlq wkh vhsdudwh zhoiduh h￿hfwv e| xvlqj zhoiduh phdvxuhv lqvsluhg e| E￿ hqderx +4<<;, lq
dgglwlrq wr wkh xwlolwduldq phdvxuh1 Wkh lghd lv wr fdofxodwh fhuwdlqw|0htxlydohqw frqvxpswlrq
ydoxhv iru hdfk djhqw1 D uhgxfwlrq lq xqfhuwdlqw| lqfuhdvhv fhuwdlqw|0htxlydohqw frqvxpswlrq iru
doo djhqwv/ zkloh d sxuh uhglvwulexwlrq ri uhvrxufhv uhgxfhv wkh fhuwdlqw|0htxlydohqw frqvxpswlrq
iru vrph djhqwv dqg lqfuhdvh wkh frqvxpswlrq iru rwkhu djhqwv e| +dw ohdvw dssur{lpdwho|, wkh
vdph dprxqw1 Wkh gl￿huhqfh ehwzhhq wkh vxp ri doo djhqwv* dfwxdo dqg fhuwdlqw|0htxlydohqw
frqvxpswlrq lv wkhuhiruh xvhg wr phdvxuh wkh frvw ri xqfhuwdlqw| lq wkh hfrqrp| zkloh wkh
glvwulexwlrq ri fhuwdlqw|0htxlydohqw frqvxpswlrq dfurvv djhqwv lv xvhg wr phdvxuh lqhtxdolw|1
Wkh pdlq ￿qglqjv lq wkh sdshu duh wkdw +l, erwk ghew dqg wudqvihuv fdq lpsuryh ulvn vkdulqj
vxevwdqwldoo|/ +ll, wudqvihuv uhgxfh lqhtxdolw| zkloh ghew kdv dgyhuvh h￿hfwv rq htxlw| +lll, li srolf|
lv hydoxdwhg zlwk d xwlolwduldq zhoiduh ixqfwlrq/ ghew vkrxog eh orz dqg wudqvihuv vkrxog eh kljk/
+ly, li wkh zhoiduh phdvxuh grhv qrw lqfrusrudwh wkh glvwulexwlrq ri uhvrxufhv/ ghew vkrxog eh
kljk dqg wudqvihuv vkrxog eh durxqg wrgd|*v ohyho/ dqg +y, wudqvihuv dqg lq sduwlfxodu ghew fdq
uhgxfh wkh ryhudffxpxodwlrq ri fdslwdo fdxvhg e| pdunhw lqfrpsohwhqhvv1
Dl|djdul dqg PfJudwwdq +4<<;, irxqg wkdw d srvlwlyh sxeolf ghew fdq eh rswlpdo/ exw wkdw
wkh zhoiduh h￿hfwv ri ghew duh qhjoljleoh lq d prgho fdoleudwhg wr pdwfk wkh XV hfrqrp|1 L vkrz
khuh/ zlwklq d vlplodu iudphzrun/ wkdw wkh rswlpdolw| ri srvlwlyh ghew ghshqgv rq wudqvihuv ehlqj
orzhu wkdq rswlpdo1 L dovr ghprqvwudwh wkdw ehklqg wkh vpdoo xwlolwduldq zhoiduh h￿hfwv/ wkhuh
duh idluo| vxevwdqwldo zhoiduh jdlqv iurp lpsuryhg ulvn vkdulqj dqg zhoiduh orvvhv iurp lqfuhdvhg
lqhtxdolw|1 Wkh jdlqv dqg orvvhv doprvw fdqfho zlwk Dl|djdul dqg PfJudwwdq*v vhw0xs/ khqfh wkh
vpdoo h￿hfwv lq wkh xwlolwduldq zhoiduh ixqfwlrq1 Lq jhqhudo/ krzhyhu/ yduldwlrqv lq wkh ghew ohyho
fdq kdyh vl}hdeoh zhoiduh h￿hfwv1
E￿ hqderx +4<<;, vxjjhvwv hydoxdwlqj srolf| zlwk d phdvxuh ri zkdw kh fdoov sxuh hfrqrplf
h￿flhqf|1 Wklv zhoiduh phdvxuh ljqruhv glvwulexwlrqdo h￿hfwv exw lqfrusrudwhv h￿hfwv rq ulvn
vkdulqj dqg ohyhov ri frqvxpswlrq dqg ohlvxuh1 Li srolf| lv hydoxdwhg e| wklv fulwhulrq/ wkh rswlpdo
ohyho ri wudqvihuv lv orzhu wkdq lq wkh xwlolwduldq fdvh/ dqg ghew vkrxog eh dv kljk dv srvvleoh1 Lw
pd| wkhuhiruh eh mxvwl￿hg wr fodlp wkdw/ frpsduhg wr wudqvihuv/ ghew surylghv pruh ulvn vkdulqj
uhodwlyh wr wkh glvwruwlrqv lw lpsrvhv rq wkh hfrqrp|1
Zkloh oxps0vxp wudqvihuv lqfuhdvh dyhudjh xwlolw|/ wudqvihuv wkdw duh wdujhwhg dw krxvhkrogv
zlwk orz lqfrph dqg qr zhdowk fdq eh kdupixo1 Dv Kxeedug/ Vnlqqhu dqg ]hoghv +4<<8, kdyh
vkrzq/ phdqv0whvwhg wudqvihuv zhdnhq lqfhqwlyhv iru orz0lqfrph krxvhkrogv wr vdyh/ wkhuhe|
5fuhdwlqj d sryhuw| wuds1 Vwulfwo| phdqv0whvwhg wudqvihuv wkhuhiruh kdyh d vwurqjo| qhjdwlyh lpsdfw
rq htxlw| dqg dovr rq zhoiduh1 Krzhyhu/ li wudqvihuv duh uhgxfhg ohvv wkdq rqh0wr0rqh zlwk
dgglwlrqdo lqfrph dqg zhdowk/ dqg li wkh wudqvihu v|vwhp lv vpdoo ru prghvw/ phdqv whvwlqj pd|
eh h￿hfwlyh1 Lw dsshduv sduwlfxoduo| lpsruwdqw qrw wr uhgxfh wudqvihuv lq uhvsrqvh wr zhdowk
dffxpxodwlrq1
L kdyh suhylrxvo| fodlphg wkdw wudqvihuv dqg ghew duh glvwruwlqj1 Wklv vwdwhphqw qhhgv d
txdol￿fdwlrq1 Vlqfh pdunhwv duh lqfrpsohwh/ wkh hfrqrp| pd| eh lqh￿flhqw lq wkh vhqvh wkdw
wkhuh lv ryhudffxpxodwlrq ri fdslwdo dqg oderu vxsso| lv lqh￿flhqwo| doorfdwhg ehwzhhq djhqwv12
Hqkdqfhg ulvn vkdulqj fdq wkhuhiruh lpsuryh wkh doorfdwlrq ri frqvxpswlrq dqg ohlvxuh ryhu
wlph1 L ￿qg wkdw lq wkh devhqfh ri d vrfldo lqvxudqfh v|vwhp/ lqwurgxflqj oxps0vxp wudqvihuv
zrxog lqfuhdvh wkh xwlolw| ri d uhsuhvhqwdwlyh djhqw zkrvh frqvxpswlrq dqg zrunlqj krxuv duh
wkh hfrqrp| dyhudjhv1 Wudqvihuv fdq frqvhtxhqwo| hqkdqfh zhoiduh hyhq li h￿hfwv rq ulvn vkdulqj
dqg htxdolw| duh ljqruhg1 Wkh vdph krogv iru ghew ~ hyhq li wudqvihuv dqg ghew duh dw wkh
ehqfkpdun ohyhov +;15 shufhqw dqg 9: shufhqw ri JGS/ uhvshfwlyho|,/ dq lqfuhdvh lq ghew zloo
udlvh wkh uhsuhvhqwdwlyh0djhqw xwlolw| +doehlw rqo| pdujlqdoo|,1
Wkh irfxv khuh lv rq lqvxudqfh djdlqvw lqglylgxdo vshfl￿f ulvnv/ dqg L pdnh wkh vlpsoli|lqj
dvvxpswlrq wkdw djjuhjdwhv duh frqvwdqw1 Khqfh/ L h{dplqh wkh fkrlfh ri orqj0uxq ru dyhudjh
srolf|/ exw L gr qrw frqvlghu krz ghew dqg wudqvihuv vkrxog ydu| ryhu wkh exvlqhvv f|foh ru lq
uhvsrqvh wr djjuhjdwh vkrfnv +vhh Eduur/ 4<:</ Oxfdv dqg Vwrnh|/ 4<;6/ dqg Fkdul/ Fkulvwldqr/
dqg Nhkrh/ 4<<7/ iru wkhvh lvvxhv,1 Ixuwkhupruh/ Jdoh +4<<3, vkrzv wkdw jryhuqphqw ghew fdq
lpsuryh ulvn vkdulqj ehwzhhq jhqhudwlrqv1 Qr vxfk lvvxhv dulvh khuh/ vlqfh djhqwv duh lq￿qlwho|
olyhg dqg wkhuh lv qr djjuhjdwh xqfhuwdlqw|1
Wkh sodq ri wkh sdshu lv dv iroorzv1 Wkh prgho lv suhvhqwhg lq wkh qh{w vhfwlrq1 Lq Vhfwlrq
6/ L gh￿qh wkh zhoiduh phdvxuhv dqg ghvfuleh krz xwlolwduldq zhoiduh h￿hfwv duh ghfrpsrvhg
lqwr glvwruwlrq +ru ohyho, h￿hfwv/ lqvxudqfh h￿hfwv/ dqg uhglvwulexwlrq h￿hfwv1 Wkh uhvxowv duh
suhvhqwhg lq Vhfwlrq 71 Vhfwlrq 8 frqfoxghv1
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Wkhuh lv d frqwlqxxp ri ￿upv zklfk kdyh Free0Grxjodv surgxfwlrq ixqfwlrqv dqg ehkdyh frp0
shwlwlyho| lq surgxfw dqg idfwru pdunhwv1 Ohw N ghqrwh wkh djjuhjdwh fdslwdo vwrfn/ K wkh
djjuhjdwh oderu vxsso| lq h￿flhqf| xqlwv/ dqg [ wkh surgxfwlylw| ri oderu1 Wkhuh lv qr djjuh0
jdwh xqfhuwdlqw| lq wkh hfrqrp|1 Djjuhjdwh surgxfwlrq lv wkhq jlyhq e|
\ @ I +[>N>K,@Nw +[K,
￿3w =
Idfwru pdunhw fohdudqfh uhtxluhv wkdw wkh lqwhuhvw udwh lv
u @ Ig +[>N>K, ￿ ￿>
zkhuh ￿ ghqrwhv wkh ghsuhfldwlrq udwh ri fdslwdo/ dqg wkdw wkh zdjh udwh lv
z @ IM +[>N>K,=
Oderu surgxfwlylw| jurzv dw wkh h{rjhqrxv udwh j dqg lqlwldo surgxfwlylw| lv qrupdol}hg wr
xqlw|/ khqfh surgxfwlylw| dw wlph w lv [| @+ 4.j,
|1 Rqo| edodqfhg jurzwk sdwkv zkhuh djjuhjdwh
rxwsxw/ fdslwdo dqg frqvxpswlrq jurz dw udwh j zkloh djjuhjdwh oderu vxsso| lv frqvwdqw zloo
eh frqvlghuhg1 Wkh lqwhuhvw udwh zloo wkhuhiruh eh frqvwdqw lq htxloleulxp1 Lw zloo riwhq eh
frqyhqlhqw wr orrn dw ghwuhqghg yduldeohv1 Gh￿qh wkhuhiruh
￿ z ￿ z@\>
zklfk dovr lv frqvwdqw lq htxloleulxp1
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Wkh jryhuqphqw lvvxhv sxeolf ghew dqg wd{ oderu dqg fdslwdo lqfrph1 Wd{ uhyhqxhv duh vshqw rq
sxeolf frqvxpswlrq/ wudqvihuv wr krxvhkrogv/ dqg lqwhuhvw sd|phqwv rq wkh ghew1 Wkh jryhuqphqw
exgjhw frqvwudlqw lv
J . E . uG @ G￿ ￿ G . W>
zkhuh J lv jryhuqphqw frqvxpswlrq/ E duh wudqvihuv wr djhqwv/ G lv wkh jryhuqphqw ghew/ dqg
W lv wd{ uhyhqxh1 Sulphv ghqrwh qh{w0shulrg ydoxhv1 Jryhuqphqw frqvxpswlrq lv h{rjhqrxv dqg
d frqvwdqw iudfwlrq ri JGS/ ￿ J @ J@\ 1
7Wd{ uhyhqxhv duh ohylhg e| wd{lqj fdslwdo dqg oderu dw wkh ￿dw udwhv ￿& dqg ￿￿/ uhvshfwlyho|1









Wkh jryhuqphqw fkrrvhv ghew dqg wudqvihuv wr pd{lpl}h vrph vrfldo zhoiduh ixqfwlrq lq wkh
vwdwlrqdu| edodqfhg jurzwk htxloleulxp1 Wkxv/ zhoiduh h￿hfwv dffuxhg gxulqj wkh wudqvlwlrq iurp
wkh fxuuhqw hfrqrp| wr wkh qhz htxloleulxp duh ljqruhg1
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Wkh prgho lv srsxodwhg e| d frqwlqxxp ri lq￿qlwho| olyhg djhqwv ri xqlw pdvv1 Djhqwv uhfhlyh
lqfrph e| uhqwlqj fdslwdo wr ￿upv dqg e| vxsso|lqj oderu1 Wkh| duh eruq zlwk shupdqhqwo|
gl￿huhqw delolwlhv/ dqg duh lq hdfk shulrg vxemhfw wr lglrv|qfudwlf surgxfwlylw| vkrfnv1 Djhqwv
duh eruurzlqj frqvwudlqhg +wkdw lv/ qhw ￿qdqfldo zhdowk fdqqrw eh qhjdwlyh, dqg gr qrw kdyh
dffhvv wr sulydwh lqvxudqfh pdunhwv1￿ Wr vprrwk frqvxpswlrq ryhu wlph/ dqg wr vhoi lqvxuh
djdlqvw ixwxuh lqfrph ulvn/ djhqwv wkhuhiruh dffxpxodwh ex￿hu vwrfnv ri wkh vdih dvvhw lq jrrg
wlphv1
Ohw v| ghqrwh dq djhqw*v surgxfwlylw| vwdwh dw wlph w1 Wkh surgxfwlylw| surfhvv lv d ￿qlwh vwdwh
Pdunry fkdlq/ v 5 V zlwk wudqvlwlrq suredelolwlhv ￿+v>v￿, ghqrwlqj wkh suredelolw| ri wudqvlwlrq
iurp surgxfwlylw| vwdwh v wrgd| wr v￿ wrpruurz1 Pruhryhu/ ohw t+v, ￿ t eh wkh surgxfwlylw|
dvvrfldwhg zlwk vwdwh v1
Hdfk djhqw lv hqgrzhg zlwk rqh xqlw ri wlph/ zklfk lv glylghg ehwzhhq oderu/ k/ dqg ohlvxuh/
o1 Lqfrph fdq eh frqvxphg ru vdyhg lq d vdih dvvhw1 Ohw e ghqrwh d wudqvihu iurp wkh jryhuqphqw/
d wkh djhqw*v dvvhw kroglqjv dw wkh hqg ri wkh suhylrxv shulrg/ dqg f frqvxpswlrq1 Gh￿qh wkhq
h e @ e@\ /￿ d @ d@\ / dqg ￿ f @ f@\ 1 Wkxv dq djhqw*v exgjhw frqvwudlqw lv
+4 . j,￿ d￿ @ h e .￿ ztk.+ 4.￿ u,￿ d ￿ ￿ f= +4,
Djhqwv duh dovr vxemhfw wr d qr0eruurzlqj frqvwudlqw/
￿ d ￿ 3= +5,
Dvvhw kroglqjv/ ￿ d/ duh uhvwulfwhg wr ehorqj wr D @^ 3 >￿ d‘ zkhuh ￿ d lv fkrvhq kljk hqrxjk qhyhu wr
eh d elqglqj frqglwlrq1
￿ A￿iti 4@h!i| ￿4TihuiU|￿L?t @hi ￿4TLti_ i L}i?L￿t*)￿ ￿ }hL￿￿?} *￿|ih@|￿hi Etii ￿|!itL? @?_ w￿U@tc ￿bbDc
@?_ kh￿i}ih @?_ ￿ihh￿c ￿bbHc uLh hiUi?| UL?|h￿M￿|￿L?t￿ t|￿_￿it |￿i ui@t￿M￿*￿|) Lu Th￿￿@|i ￿?t￿h@?Ui 4@h!i|t ￿?_ih
@t)44i|h￿U ￿?uLh4@|￿L?￿ A￿i T@Tih M) ￿L*i @?_ kLU￿ih*@!L|@ E￿bbH￿ t￿TTLh|t |￿i ￿￿i￿ |￿@| @ *￿4￿|i_ ?￿4Mih
Lu ￿?@?U￿@* @tti|t Ei￿}￿ L?i h￿t!￿uhii ML?_￿ 4@) ThL￿￿_i |￿i Mit| ui@t￿M*i ￿?t￿h@?Ui￿







zkhuh ￿ lv d frqvwdqw/ ￿ lv wkh ulvn dyhuvlrq iru frqvxpswlrq ￿xfwxdwlrqv/ dqg 4@￿ lv wkh oderu0
vxsso| hodvwlflw|1 Wklv xwlolw| ixqfwlrq lv frqvlvwhqw zlwk djjuhjdwh krxuv zrunhg ehlqj frqvwdqw
lq d jurzlqj hfrqrp| +vhh Nlqj/ Sorvvhu/ dqg Uhehor/ 4<;;,1 Zh fdq uhzulwh wkh xwlolw| dv
x+[>f>k,@+ [\f,
￿3> x+￿ f>k,












|E￿3>￿ x+￿ f|>k |,=
Wkh qrupdol}dwlrqv doorz xv wr irupdol}h d wlph0lqghshqghqw sureohp1 Wkh Ehoopdq htxdwlrq
lv















vxemhfw wr +4,/ +5,/ dqg 3 ￿ k ￿ 4=
2e ,^*Mh4
D vwdwlrqdu| htxloleulxp frqvlvwv ri frqvwdqw wd{ udwhv ￿& dqg ￿￿/ d frqvwdqw jryhuqphqw ghew/
￿ G ￿ G@\/ d wudqvihu v|vwhp/ h e @ e+￿ ztk .￿ u￿ d>￿ d,> d frqvwdqw lqwhuhvw udwh ￿ u dqg zdjh udwh
￿ z> wlph lqyduldqw ghflvlrq uxohv iru djhqwv* dvvhw kroglqjv/ ￿ d￿ @ d+￿ d>v,/ dqg krxuv zrunhg/
k @ k+￿ d>v,> d phdvxuh ri djhqwv ryhu wkh vwdwh vsdfh/ ￿+￿ d>v,> djjuhjdwh ydoxhv iru wudqvihuv
wr krxvhkrogv/ ￿ E ￿ E@\ @
U h eg￿/ iru dvvhw kroglqjv/ ￿ D @
U
d+￿ d>v,g￿/ dqg iru wkh qxpehu ri
h￿flhqf| krxuv zrunhg/ K @
U
tk+￿ d>v,g￿/ vxfk wkdw wkh iroorzlqj htxloleulxp frqglwlrqv duh




￿￿ ￿ ztk+￿ d>v,.￿&ud+￿ d>v,g￿ @ ￿ E .+ u ￿ j, ￿ G . ￿ J>
9+lll, idfwru pdunhwv fohdu> +ly, djjuhjdwh vdylqjv duh htxdo wr ￿upv* ghpdqg iru fdslwdo soxv
jryhuqphqw ghew/
￿ D @ ￿ N . ￿ G>





iru doo d ￿ v ￿ D ￿ V1 Wkh wudqvlwlrq ixqfwlrq S lv wkh suredelolw| wkdw dq djhqw zlwk vwdwh








zkhuh L lv dq lqglfdwru ixqfwlrq1
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Wr ￿qg wkh djhqwv* ghflvlrq uxohv iru vdylqj dqg oderu vxsso|/ L glvfuhwl}h wkh vwdwh vsdfh dqg
vroyh iru wkh fruuhvsrqglqj ydoxh ixqfwlrq dqg ghflvlrq uxohv1e Wr vroyh iru wkh htxloleulxp/ L xvh
dq dojrulwkp lqvsluhg e| Kxjjhww +4<<6, dqg Dl|djdul +4<<7,1 Lq wkh ehqfkpdun vshfl￿fdwlrq
ri wkh prgho/ wudqvihuv duh oxps vxp dqg wkhuh lv d xqlirup wd{ udwh rq doo idfwru lqfrphv/
￿ @ ￿& @ ￿￿1 Wkh dojrulwkp wkhq frqvlvwv ri wkh iroorzlqj vwhsv= Il{ wkh wudqvihu dqg wkh ghew/
dqg jxhvv dq lqwhuhvw udwh/ u/ dqg wkh dyhudjh h￿flhqf| krxuv ri oderu vxsso|/ a K1W k h qv r o y h
iru wkh zdjh shu h￿flhqf| xqlw ri oderu dv d ixqfwlrq ri u dqg a K/ dqg fdofxodwh wkh wd{ udwh
lpsolhg e| jryhuqphqw exgjhw edodqfh/ e| vhwwlqj
￿ @
￿ E .+ u ￿ j, ￿ G . ￿ J
￿ z a K . u
￿ ￿ N . ￿ G
￿ =
Wkh djhqwv* ghflvlrq uxohv duh wkhq vroyhg iru/ dqg iurp wkhvh uxohv/ wkh phdvxuh ri djhqwv ryhu
wkh vwdwh vsdfh lv frpsxwhg1 Rqfh zh kdyh irxqg wkh phdvxuh ￿/ djjuhjdwhv vxfk dv vdylqjv dqg
oderu vxsso| duh vwudljkwiruzdug wr fdofxodwh1 Li wkh lpsolhg djjuhjdwh vdylqj grhv qrw htxdo
ghpdqg iru fdslwdo/ ru li wkh lpsolhg oderu vxsso| lv gl￿huhqw iurp wkh jxhvv/ wkhq xsgdwh wkh
jxhvvhv dqg vwduw ryhu1 Li erwk htxdolwlhv krog/ wkh htxloleulxp ri wkh hfrqrp| zlwk wudqvihu ￿ E
dqg ghew ￿ G kdv ehhq irxqg1
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:Lq vrph dowhuqdwlyh vshfl￿fdwlrqv/ wudqvihuv duh phdqv whvwhg1 Wklv frpsolfdwhv wkh dojr0
ulwkp vrphzkdw ehfdxvh wkh wrwdo dprxqw ri wudqvihuv sdlg ghshqgv qrw rqo| rq wkh djjuhjdwh
txdqwlwlhv exw dovr rq wkh glvwulexwlrq ri uhvrxufhv dfurvv djhqwv1 L surfhhg dv iroorzv= Iluvw/ ￿{
￿ E dqg ￿ G1 Wkhq pdnh d jxhvv iru wkh iuhh sdudphwhu lq wkh wudqvihu v|vwhp1D Qh{w vroyh iru wkh
htxloleulxp sulfhv dqg txdqwlwlhv dv deryh dqg fdofxodwh wkh lpsolhg wudqvihuv1 Li wudqvihuv gr
qrw vxp wr ￿ E/ dgmxvw wkh ohyhov lq wkh wudqvihu v|vwhp dqg uhlwhudwh1
2S @h@4i|ih3@|L?
Zlwk wzr h{fhswlrqv/ Dl|djdul dqg PfJudwwdq*v +4<<;, sdudphwhu ydoxhv duh xvhg1 Rqh prgho
shulrg wkxv fruuhvsrqgv wr rqh |hdu/ dqg L vhw ulvn dyhuvlrq wr 418/ jryhuqphqw frqvxpswlrq
wr 541: shufhqw ri JGS/ wkh fdslwdo vkduh ri lqfrph wr 3163/ wkh ghsuhfldwlrq udwh ri fdslwdo wr
313:8/ dqg wkh jurzwk udwh ri JGS wr 41;8 shufhqw1 Wkh glvfrxqw idfwru ￿ lv vhw wr 3=<;;7 wr jhw
dq lqwhuhvw udwh forvh wr 718 shufhqw dv lq X1V1 gdwd1 Zlwk wkh ehqfkpdun srolf|/ jryhuqphqw
ghew lv 9: shufhqw ri rxwsxw zkloh wudqvihuv duh oxps vxp dqg ;15 shufhqw ri rxwsxw1
Wkh wzr ghyldwlrqv iurp Dl|djdul dqg PfJudwwdq*v sdudphwhu fkrlfhv uhjdug wkh xwlolw|
ixqfwlrq dqg wkh surgxfwlylw| surfhvv1 Hvwlpdwlrqv ri wkh zdjh hodvwlflw| ri oderu vxsso| ydu|
zlgho| ehwzhhq vwxglhv1 Krzhyhu/ prvw hvwlpdwhv ri wkh hodvwlflw| duh ohvv wkdq 318 iru phq dqg
wkh hvwlpdwhg hodvwlflw| iru zrphq lv w|slfdoo| kljkhu wkdq iru phq +vhh iru h{dpsoh PdFxug|/
4<;4/ dqg Dowrqml/ 4<;9,1 L vhw wkh hodvwlflw| wr 318/ zklfk lv frqvlghudeo| orzhu wkdq wkh ydoxh
xvhg e| Dl|djdul dqg PfJudwwdq1 Wkh iudfwlrq ri dydlodeoh wlph dq djhqw ghyrwhv wr oderu lv
ghwhuplqhg e| ￿/ zklfk lv vhw vr wkdw dyhudjh oderu vxsso| lv dssur{lpdwho| 316 lq wkh ehqfkpdun
hfrqrp|1
Wkh surgxfwlylw| surfhvv lv fdoleudwhg dv iroorzv1 Zdjhv frqvlvw ri wzr frpsrqhqwv/ rqh
shupdqhqw delolw| ohyho/ #/ dqg rqh whpsrudu| frpsrqhqw/ }|1 Pruh vshfl￿fdoo|/ dq djhqw*v oderu
surgxfwlylw| dv d iudfwlrq ri dyhudjh surgxfwlylw| dw wlph w lv t| @ h￿n5|1 Dfurvv lqglylgxdov/ #
lv llg zlwk phdq }hur dqg yduldqfh ￿2
￿1 Surgxfwlylw| hyroyhv vwrfkdvwlfdoo| ryhu wlph dffruglqj
wr wkh surfhvv
}| @ ￿}|3￿ . %|>
zkhuh ￿ ghwhuplqhv wkh ghjuhh ri shuvlvwhqfh ri vkrfnv/ dqg % lv llg qrupdoo| glvwulexwhg zlwk
phdq }hur dqg yduldqfh ￿2
01
D A￿i 4i@?t |it|i_ |h@?tuih t)|i4t @hi _itUh￿Mi_ ￿? 5iU|￿L? e￿e Mi*L￿￿ A￿i uhii T@h@4i|ih ￿￿** Mi |￿i 4￿?￿4￿4
UL?t￿4T|￿L? *i￿i* }￿@h@?|ii_ M) |￿i ￿?t￿h@?Ui ThL}h@4￿
;Dl|djdul dqg PfJudwwdq vhw ￿ @3 =93 dqg ￿0 @3 =571 Uhfhqw hylghqfh/ iru h{dpsoh Fdug
+4<<4,/ Kxeedug/ Vnlqqhu/ dqg ]hoghv +4<<7,/ Vwruhvohwwhq/ Whophu/ dqg \durq +4<<:,/ dqg
Iorg￿ hq dqg Olqg￿ h +4<<<,/ vxjjhvw wkdw zdjh dqg lqfrph surfhvvhv duh pruh shuvlvwhqw1 Wkh
ydoxhv ￿ @3 =<3 dqg ￿0 @3 =54 duh lq olqh zlwk hvwlpdwhv lq wkhvh sdshuv/ dqg wklv zdjh surfhvv
lv xvhg dv wkh ehqfkpdun khuh1 Erwk Fdug*v dqg Iorg￿ hq dqg Olqg￿ h*v hvwlpdwhv ri wkh vwdqgdug
ghyldwlrq ri shupdqhqw zdjh gl￿huhqfhv/ ￿￿/ vxjjhvw wkdw lw lv dssur{lpdwho| 3=671
Wkh sdudphwhu ydoxhv iru wkh ehqfkpdun fdoleudwlrq ri wkh prgho duh wkhq ￿ @4 =8/ ￿ @5 /
￿ @< =477</ ￿ @3 =<;;7/ j @3 =34;8/ ￿ @3 =6/ ￿ @3 =3:8/ ￿ J @3 =54:/ ￿ @3 =<3/ ￿0 @3 =54/ dqg
￿￿ @3 =671
 i@th?} @?_ tiT@h@|?} i*u@hi igiU|t
D fkdqjh lq srolf| zloo d￿hfw wkh ohyhov ri frqvxpswlrq dqg ohlvxuh/ wkh glvwulexwlrq ri lqfrph/
zhdowk dqg vshqglqj/ dqg wkh dprxqw ri xqfhuwdlqw| djhqwv idfh1 Wklv vhfwlrq ghvfulehv krz wr
phdvxuh zhoiduh h￿hfwv lq wklv frqwh{w/ dqg lq sduwlfxodu krz wr lvrodwh hdfk ri wkhvh h￿hfwv1 Wkh
zhoiduh ghfrpsrvlwlrq L sursrvh khuh lv qrw vshfl￿f wr wkh sduwlfxodu prgho L xvh exw vkrxog eh
dssolfdeoh rq prvw g|qdplf prghov zlwk khwhurjhqrxv djhqwv dqg xqfhuwdlqw|1
Lw zloo eh xvhixo wr ￿uvw lqwurgxfh vrph qrwdwlrq1 Ohw ifr>o rj
"
r’| ghqrwh d +srvvleo| xqfhuwdlq,
vwuhdp ri frqvxpswlrq dqg ohlvxuh iurp wlph w dqg rq1 Frqvlghu wkhq wkh iroorzlqj gh￿qlwlrqv=S


















@H |Y +ifr>o rj
"
r’|,
Ohw F dqg O eh dyhudjh frqvxpswlrq dqg ohlvxuh/ F ￿
U
fg￿/d q gO ￿
U
+4 ￿ k,g￿/ dqg ohw ￿ F
dqg ￿ O ghqrwh dyhudjh fhuwdlqw|0htxlydohqw frqvxpswlrq dqg ohlvxuh/ ￿ F ￿
U
￿ fg￿> dqg ￿ O ￿
U ￿ og￿1
D iuhtxhqwo| xvhg vrfldo zhoiduh ixqfwlrq lv wkh xwlolwduldq/ zklfk lv wkh dyhudjh xwlolw| lq wkh
hfrqrp|=
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Xwlolwduldq zhoiduh lqfuhdvhv li frqvxpswlrq ru ohlvxuh lqfuhdvhv/ li lqhtxdolw| lv uhgxfhg +vlqfh
wkh xwlolw| ixqfwlrq lv frqfdyh,/ ru li xqfhuwdlqw| lv uhgxfhg +vlqfh djhqwv duh ulvn dyhuvh,1
Zh duh lqwhuhvwhg lq hydoxdwlqj zhoiduh gl￿huhqfhv ehwzhhq wzr hfrqrplhv1 Fdoo wkhvh
hfrqrplhv D dqg E/ dqg ohw D eh wkh ehqfkpdun hfrqrp|1H Wkh xwlolwduldq zhoiduh jdlq ri
fkdqjlqj iurp hfrqrp| D wr hfrqrp| E lv gh￿qhg dv wkh htxlydohqw yduldwlrq suhplxp=





















Wkh suhplxp $L fdq eh wkrxjkw ri dv wkh shufhqw ri olih0wlph frqvxpswlrq djhqwv lq hfrqrp|








Dv douhdg| phqwlrqhg/ zh dovr zdqw wr lvrodwh wkh gl￿huhqw zhoiduh h￿hfwv1 Wkh dssurdfk L sur0
srvh khuh lv lqvsluhg e| E￿ hqderx +4<<;,1 Wkh lghd lv wr lvrodwh xqfhuwdlqw| h￿hfwv iurp lqhtxdolw|
h￿hfwv e| fdofxodwlqj fhuwdlqw|0htxlydohqw frqvxpswlrq ohyhov iru hdfk lqglylgxdo1 Lqhtxdolw| lv
wkhq phdvxuhg iurp wkh glvwulexwlrq ri fhuwdlqw|0htxlydohqw frqvxpswlrq zkloh xqfhuwdlqw| lv
phdvxuhg e| frpsdulqj wkh gl￿huhqfhv lq dfwxdo dqg fhuwdlqw|0htxlydohqw frqvxpswlrq ohyhov1
Wr eh pruh vshfl￿f/ frqvlghu wkh iroorzlqj gh￿qlwlrqv ri wkh frvwv ri xqfhuwdlqw| dqg lqhtxdolw|
lq dq hfrqrp|=
Gh￿qlwlrq 8 Wkh frvw ri xqfhuwdlqw|/ s￿?S/l vg h ￿ q h ge |
Y +i+4 ￿ s￿?S,F>Oj
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r’|,@Y




Gh￿qlwlrq 9 Wkh frvw ri lqhtxdolw|/ s￿?e/l vg h ￿ q h ge |
Y
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43Wkh frvw ri xqfhuwdlqw| lv phdvxuhg lq shufhqw ri frqvxpswlrq dqg lv fdofxodwhg iurp wkh
gl￿huhqfh ehwzhhq dyhudjh frqvxpswlrq dqg ohlvxuh rq wkh rqh kdqg/ dqg wkh dyhudjh fhuwdlqw|
htxlydohqwv rq wkh rwkhu kdqg1 Wkh frvw ri lqhtxdolw| lv phdvxuhg +djdlq lq shufhqw ri frqvxps0
wlrq, iurp wkh gl￿huhqfh ehwzhhq wkh xwlolw| ri frqvxplqj fhuwdlqw|0htxlydohqw dyhudjhv dqg wkh
dyhudjh ri xwlolwlhv1
Li xqfhuwdlqw| lqfuhdvhv/ fhuwdlqw|0htxlydohqw frqvxpswlrq0ohlvxuh exqgohv ghfuhdvh/ dqg s￿?S
lqfuhdvhv1 ￿ F dqg ￿ O fkdqjh wrjhwkhu zlwk ￿ f dqg ￿ o/ wkxv wkh frvw ri lqhtxdolw| lv +dssur{lpdwho|,
xqd￿hfwhg e| d fkdqjh lq xqfhuwdlqw|1 Uhglvwulexwlrq kdv wkh rssrvlwh h￿hfwv1 Wdnlqj frqvxps0
wlrq iurp d *ulfk* djhqw dqg jlylqj wr d *srru* djhqw ohdyhv ￿ F dqg ￿ O frqvwdqw exw wkh uljkw0kdqg
vlgh ri +7, lqfuhdvhv ehfdxvh ri wkh frqfdylw| ri wkh xwlolw| ixqfwlrq1 Wkh frvw ri lqhtxdolw| lv
wkhuhiruh uhgxfhg exw xqfhuwdlqw| lv qrw d￿hfwhg1
D vkliw lq srolf| fkdqjhv wkh htxloleulxp ohyhov ri erwk frqvxpswlrq dqg ohlvxuh1 Wr phdvxuh
wkh ohyho h￿hfwv lq whupv ri frqvxpswlrq rqo|/ ohw xv pdnh wkh iroorzlqj gh￿qlwlrq1













Vroylqj iru a F￿/z hj h w











Zh duh qrz uhdg| wr gh￿qh wkh wkuhh vhsdudwh zhoiduh h￿hfwv ri d fkdqjh iurp srolf| D wr
srolf| E=


















44Sursrvlwlrq 4 hvwdeolvkhv wkh uhodwlrq ehwzhhq wkh xwlolwduldq jdlq dqg wkh zhoiduh ghfrpsr0
vlwlrq1 Wkh surri lv lq wkh dsshqgl{1
Sursrvlwlrq 4 Dvvxph wkdw wkh xwlolw| ixqfwlrq lv vhsdudeoh vr wkdw iru doo {/ x+{f>k,@
i +{,x+f>k,.j+{,1 Wkhq
$L @+ 4.$,e￿,+4.$￿?S,+4.$￿?e, ￿ 4
Wkxv/ wkh lvrodwhg zhoiduh jdlqv dssur{lpdwho| vxp xs wr wkh xwlolwduldq jdlq1 Li zh duh
lqwhuhvwhg lq wkh h￿hfwv wkdw d fhuwdlq srolf| fkdqjh kdv rq ulvn dqg xqfhuwdlqw| lq wkh hfrqrp|/
exw qrw lq glvwulexwlrqdo h￿hfwv/ $,e￿ . $￿?S lv wkh uhohydqw zhoiduh phdvxuh1
Dv phqwlrqhg deryh/ wkh fhuwdlqw| htxlydohqw frqvxpswlrq0ohlvxuh exqgohv duh qrw xqltxho|
gh￿qhg1 Lq idfw/ vlqfh wkhuh lv rqh xwlolw| ohyho wr pdwfk dqg wzr yduldeohv wr ghwhuplqh/ wkhuh




iru hdfk vwdwh0ri0wkh zruog1 L kdyh frqvlghuhg wzr
zd|v ri ghwhuplqlqj ohlvxuh1 Rqh lv wr ￿{ ohlvxuh dw wkh ohyho wkdw zdv fkrvhq dw gdwh w lq wkh
xqfhuwdlq zruog1 Wkh rwkhu lv wr vhw ohlvxuh wr wkh dyhudjh ohyho lq wkh hfrqrp|1 Lw wxuqv rxw
wkdw wkh wzr dssurdfkhv kdyh gl￿huhqw lpsolfdwlrq iru wkh fdofxodwhg s￿?S dqg s￿?e/ exw wkdw wkh
uhodwlyh fkdqjhv lq wkhvh frvwv duh doprvw lghqwlfdo1b Wkdw lv/ wkh zhoiduh jdlqv $￿?S dqg $￿?e gr
qrw vhhp wr eh vhqvlwlyh wr krz fhuwdlqw|0htxlydohqw ohlvxuh lv ghwhuplqhg1 L zloo wkhuhiruh rqo|
uhsruw uhvxowv iru ohlvxuh ￿{hg dw wkh fkrlfh ohyho1
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Wklv vhfwlrq h{dplqhv wkh orqj0uxq zhoiduh h￿hfwv ri ghew dqg wudqvihuv/ dqg zkdw frqvhtxhqfhv
gl￿huhqw srolflhv kdyh rq ulvn vkdulqj/ wkh glvwulexwlrq ri uhvrxufhv/ dqg hfrqrplf h￿flhqf|1 Wr
looxvwudwh krz ghew dqg wudqvihuv d￿hfw wkh hfrqrp| dqg wr idflolwdwh frpsdulvrqv zlwk suhylrxv
vwxglhv/ hdfk srolf| lqvwuxphqw lv ￿uvw vwxglhg vhsdudwho|1 Dq| srvvleoh lqwhudfwlrqv ehwzhhq ghew
dqg wudqvihuv dqg wkh rswlpdo pl{ ri wkhvh wzr srolflhv duh frqvlghuhg lq wkh vhfrqg vxevhfwlrq1
Glvwulexwlrqdo frqvhtxhqfhv ri lpsrvlqj wkh srolflhv duh h{soruhg pruh fduhixoo| lq wkh wklug
vxevhfwlrq1 Lq wkh ￿qdo vxevhfwlrq/ L frqvlghu wzr yduldwlrqv lq wkh wd{ dqg wudqvihu v|vwhp1
Iluvw/ L uhvwulfw fdslwdo lqfrphv wd{hv wr eh }hur1 Qh{w/ L wdujhw wudqvihuv wr krxvhkrogv zlwk orz
lqfrph dqg olwwoh zhdowk1
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Iljxuhv 4 dqg 5 ghslfw wkh uhvxowv ri wzr h{shulphqwv1 Lq wkh ￿uvw/ ghew lv ￿{hg dw wkh ehqfkpdun
ohyho zkloh wudqvihuv duh oxps vxp dqg udqjh iurp 3 wr 63 shufhqw ri rxwsxw1 Lq wkh vhfrqg
h{shulphqw/ wudqvihuv duh ￿{hg dw wkh ehqfkpdun ohyho dqg ghew udqjh iurp ￿433 shufhqw wr 583
shufhqw ri rxwsxw1 Wkh ￿jxuhv uhsruw vwhdg|0vwdwh surshuwlhv ri hfrqrplhv zlwk wkhvh srolflhv/
dqg zhoiduh h￿hfwv frpsduhg wr wkh ehqfkpdun srolf|1
Zkhq ghew lv ￿{hg/ wkh rswlpdo wudqvihu ohyho lv 4< shufhqw ri rxwsxw dqg wkh xwlolwduldq
zhoiduh lpsuryhphqw ryhu wkh ehqfkpdun srolf| lv 519 shufhqw ri dqqxdo frqvxpswlrq1 Wkh vhs0
dudwlrq ri zhoiduh h￿hfwv vkrzv wkdw erwk lqhtxdolw| dqg xqfhuwdlqw| duh uhgxfhg zkhq wudqvihuv
duh udlvhg1 Wkh zhoiduh jdlq vwhpplqj iurp wkh uhgxfwlrqv lq lqhtxdolw| dqg xqfhuwdlqw| duh 51<
dqg 516 shufhqw ri dqqxdo frqvxpswlrq uhvshfwlyho|1 Wkh ohyho h￿hfw frqwulexwhv qhjdwlyho| wr
zhoiduh1 Wkh zhoiduh orvv iurp glvwruwlrqv duh 519 shufhqw1
Wkhvh ￿qglqjv duh xqvxusulvlqj dqg qhhg olwwoh glvfxvvlrq1 Wkdw xwlolwduldq zhoiduh jdlqv
ri lqfuhdvlqj wkh wudqvihu ohyho fdq eh vwurqj zdv qrwhg lq Iorg￿ hq dqg Olqg￿ h +4<<<,1 Wkh
lvrodwhg zhoiduh h￿hfwv duh lqwxlwlyh ~ d pruh h{whqvlyh lqvxudqfh surjudp uhgxfhv lqhtxdolw|
dqg xqfhuwdlqw|/ exw glvwruwv oderu vxsso| dqg vdylqjv ghflvlrqv1 Lw vkrxog krzhyhu eh qrwhg
wkdw li wudqvihuv duh udlvhg iurp d yhu| orz ohyho/ glvwruwlrqv pd| glplqlvk +vhh $,e￿ lq wkh wrs0ohiw
sdqho lq Iljxuh 4,1 Lq d vhqvh wkhuh lv ryhudffxpxodwlrq ri fdslwdo zkhq wudqvihuv duh orz1 Li
pdunhwv zhuh frpsohwh/ wkh htxloleulxp diwhu0wd{ lqwhuhvw udwh zrxog eh u @4 @
k




exw wkh lqwhuhvw udwh zloo dozd|v eh orzhu zkhq wkhuh duh eruurzlqj frqvwudlqwv dqg xqfhuwdlqw|
+vhh Dl|djdul/ 4<<7,1 Vdylqj lv sduwlfxoduo| frvwo| zkhq wkh lqwhuhvw udwh lv vpdoo frpsduhg
wr wkh glvfrxqw udwh1 Wkhuhiruh/ d srolf| wkdw furzgv rxw sk|vlfdo fdslwdo fdq dwwhqxdwh wklv
lqh￿flhqf| e| vkliwlqj wkh lqwhuhvw udwh forvhu wr wkh glvfrxqw udwh1
Wkh xwlolwduldq zhoiduh h￿hfwv duh frqvlghudeo| vpdoohu zkhq ghew lv ydulhg dqg wudqvihuv duh
￿{hg +vhh Iljxuh 5,1 Wklv lv lq olqh zlwk wkh uhvxowv lq Dl|djdul dqg PfJudwwdq +4<<;,1 Ehklqg
wkh vpdoo xwlolwduldq h￿hfwv/ krzhyhu/ wkhuh duh vljql￿fdqw h￿hfwv rq lqhtxdolw| dqg xqfhuwdlqw|1
Udlvlqj ghew iurp lwv ehqfkpdun ohyho 9: shufhqw wr wkh rswlpdo 483 shufhqw lpsolhv d xwlolwduldq
zhoiduh jdlq ri 314 shufhqw ri dqqxdo frqvxpswlrq1 Wkh jdlq iurp lpsuryhg ulvn vkdulqj lv 31;
shufhqw dqg wkh orvv iurp lqfuhdvhg lqhtxdolw| lv 319 shufhqw/ zkloh wkh ohyho h￿hfw lv qhjoljleoh1
Wkh lqwxlwlrq iru wkh glvwulexwlrqdo lpsolfdwlrqv duh dv iroorzv1 D ghew lqfuhdvh zloo udlvh wkh
htxloleulxp lqwhuhvw udwh dqg lqgxfh shrsoh wr krog odujhu ex￿hu vwrfnv ri vdylqjv +vhh Iljxuh 8,/
46khqfh pdnlqj wkhp ehwwhu lqvxuhg djdlqvw lqfrph xqfhuwdlqw|1 Wkh lpsuryhg ulvn vkdulqj rqo|
ehqh￿wv wkrvh zlwk qrq0qhjoljleoh zhdowk/ exw doo krxvhkrogv ehdu wkh frvwv ri ghew ~ furzglqj
rxw ri sk|vlfdo fdslwdo/ kljkhu wd{hv/ orzhu zdjhv/ dqg orzhu wudqvihuv +lq ohyhov,1 Wklv h{sodlqv
wkh qhjdwlyh lpsdfw ri ghew rq htxlw|1
Iljxuh 5 dovr vkrzv wkdw ghew lv qrw sduwlfxoduo| glvwruwlyh ~ wkh ohyho h￿hfw lv hyhq vwurqjo|
srvlwlyh iru doo h{fhsw wkh kljkhvw ghew ohyhov1 Ghew kdv d gluhfw furzglqj0rxw h￿hfw rq sk|vlfdo
fdslwdo zkloh wudqvihuv rqo| d￿hfw vdylqjv yld lwv uhgxfwlrq lq xqfhuwdlqw| dqg e| glvwruwlqj
wkh lqfhqwlyhv wr vdyh1 Ghew wkhuhiruh vhhpv pruh h￿flhqw wkdq wudqvihuv iru uhgxflqj wkh
ryhudffxpxodwlrq ri fdslwdo1
Wkh ￿qglqjv khuh duh vrphzkdw gl￿huhqw iurp wkrvh lq Dl|djdul dqg PfJudwwdq +4<<;, ~
rswlpdo ghew lv kljkhu/ dqg wkh zhoiduh h￿hfwv ri fkdqjlqj wkh ghew duh odujhu1 Wzr gl￿huhqfhv
lq wkh vhwxsv dffrxqw iru wklv glvfuhsdqf|1 Iluvw/ wkh oderu0vxsso| hodvwlflw| lv orzhu lq wkh
fxuuhqw sdshu/ lpso|lqj vpdoohu glvwruwlrqv rq oderu vxsso|1 Vhfrqg/ wkhuh lv frqvlghudeo| pruh
lglrv|qfudwlf ulvn dqg khwhurjhqhlw| lq wkh fxuuhqw sdshu1 Dv d frqvhtxhqfh wkhuh lv odujhu
ghpdqg iru lqvxudqfh dqg pruh vfrsh iru uhglvwulexwlrq1
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Wkh rswlpdo frpelqdwlrq ri wudqvihuv dqg ghew lv wkh sdlu/
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5 E ￿ G/ zklfk pd{lpl}hv
wkh vrfldo zhoiduh ixqfwlrq1 Wkh wudqvihu dqg ghew ohyhov frqvlghuhg duh E @ i3=33>3=34>===>3=63j>
dqg G @ i￿4=33>￿3=:8>===>5=83j1 Iljxuh 6 ghslfwv xwlolwduldq zhoiduh jdlqv ri fkdqjhv lq srolf|
dqg vkrzv wkdw wkh zhoiduh ixqfwlrq lv pd{lpl}hg zkhq wudqvihuv dqg ghew duh 3=56 dqg ￿4/
uhvshfwlyho|1 Wkh zhoiduh jdlq ryhu wkh ehqfkpdun srolf| lv wkhq 617 shufhqw ri dqqxdo frq0
vxpswlrq1 Zkhq djhqwv duh surylghg lqvxudqfh iurp wkh wd{ v|vwhp/ wkh ehqh￿wv ri sxeolf ghew
ydqlvk1 Li krzhyhu uhglvwulexwlrqdo h￿hfwv duh ljqruhg/ wkh rswlpdo wudqvihu ohyho lv durxqg 43
shufhqw dqg wkh rswlpdo vl}h ri sxeolf ghew lv 518 +vhh wrs0ohiw sorw lq Iljxuh 7,1￿f
Ghfrpsrvlqj wkh zhoiduh h￿hfwv idflolwdwhv wkh xqghuvwdqglqj ri wkhvh uhvxowv1 Iljxuh 7
vkrzv wkdw wkh h￿hfwv rq xqfhuwdlqw| dqg lqhtxdolw| duh wkh vdph dv lq wkh suhylrxv vxevhfwlrq>
wudqvihuv hqkdqfh ulvn vkdulqj dqg uhgxfh lqhtxdolw|> ghew hqkdqfhv ulvn vkdulqj exw ohdgv wr
pruh lqhtxdolw|1 Wkh ohyho h￿hfwv surylgh vrph qhz lqvljkwv/ krzhyhu1 Li wudqvihuv dqg ghew duh
vpdoo/ wkhuh lv ryhudffxpxodwlrq ri fdslwdo/ dqg shrsoh zlwk olwwoh zhdowk dqg orz zdjhv zrun
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47lqh￿flhqwo| kdug1 Dq lqfuhdvh lq hlwkhu wudqvihuv ru ghew zloo wkhq uhod{ wklv lqh￿flhqf|/ exw li
hlwkhu wudqvihuv ru ghew duh kljk dq lqfuhdvh lq wkh rwkhu lqvwuxphqw zloo w|slfdoo| eh glvwruwlqj1
Ghew dovr dsshduv ehwwhu vxlwhg wkdq wudqvihuv iru uhprylqj wkh lqh￿flhqf|/ ehfdxvh furzglqj
rxw ri fdslwdo gluhfwo| dgguhvvhv wkh ryhudffxpxodwlrq ri fdslwdo1 H{fhsw iru wkh orzhvw ohyhov ri
wudqvihuv dqg ghew/ wkh glvwruwlrqv ri dq lqfuhdvh lq wudqvihuv grplqdwh wkhvh h￿hfwv1
Wdeoh 4 vkrzv vrph vhohfwhg vwdwlvwlfv iru wkh X1V1 hfrqrp|/ wkh ehqfkpdun hfrqrp|/ wkh
hfrqrp| wkdw zrxog eh rswlpdo dffruglqj wr wkh prgho/ dqg vrph dowhuqdwlyh prgho vshfl￿fd0
wlrqv h{dplqhg ehorz1 Wkh hfrqrp| zlwk wkh rswlpdo srolf| grhv qrw orrn gudvwlfdoo| gl￿huhqw
iurp wkh ehqfkpdun hfrqrp|1 Frqvxpswlrq lv vprrwkhu zkloh krxuv zrunhg duh vrphzkdw pruh
yrodwloh1
Wkh fkrlfh ri zdjh surfhvv lv fulwlfdo iru wkh dprxqw ri ulvn wkdw djhqwv idfh/ dqg wkh ghjuhh





/ zklfk lv vhqvlwlyh wr fkdqjhv lq shuvlvwhqfh zkhq ￿ lv forvh wr xqlw|1 Wkhuh lv lqghhg
frqwuryhuv| ryhu wkh ydoxh ri ￿> Dl|djdul dqg PfJudwwdq +4<<;, dqg rwkhuv xvh d ohvv shuvlvwhqw
surfhvv zlwk ￿ @3 =93 dqg ￿0 @3 =571 Zkhq L fdoleudwh wkh prgho zlwk wklv zdjh surfhvv +exw
vwloo doorz iru wkh shupdqhqw zdjh gl￿huhqfhv/ ￿￿ @3 =67,/ wkh rswlpdo srolf| frpelqdwlrq lv
E @3 =49 dqg G @ ￿4=33/ dqg wkh zhoiduh jdlq ryhu wkh ehqfkpdun hfrqrp| lv 31: shufhqw ri
dqqxdo frqvxpswlrq1
Rqh pd| vxvshfw wkdw wkh fkrlfh ri oderu0vxsso| hodvwlflw| lv lpsruwdqw iru wkh uhvxowv vlqfh
wklv sdudphwhu ghwhuplqhv krz oderu vxsso| lv glvwruwhg e| wd{dwlrq1 Krzhyhu/ wkh uhvxowv gr
qrw vhhp sduwlfxoduo| vhqvlwlyh wr fkdqjhv lq wkh hodvwlflw|1 Zkhq wkh hodvwlflw| lv lqfuhdvhg
iurp 3=8 wr 4/ wkh rswlpdo srolf| ehfrphv E @3 =53 dqg G @ ￿3=:81 Wkh zhoiduh jdlq ryhu wkh
ehqfkpdun srolf| idoov wr 518 shufhqw ri dqqxdo frqvxpswlrq1
Iru erwk wkhvh yduldwlrqv/ wkh ghfrpsrvlwlrq ri zhoiduh h￿hfwv kdv wkh vdph jhqhudo sdwwhuq
dv lq Iljxuhv 6 dqg 71 Khqfh wkh fruuhvsrqglqj ￿jxuhv iru wkh ohvv shuvlvwhqw zdjh surfhvv dqg
wkh kljkhu hodvwlflw| duh qrw suhvhqwhg khuh1
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Zh kdyh vhhq wkdw erwk ghew dqg wudqvihuv fdq kdyh vl}hdeoh +srvlwlyh, lqvxudqfh h￿hfwv1 Krz0
hyhu/ wkhvh wzr lqvwuxphqwv zrun wkurxjk gl￿huhqw fkdqqhov dqg wkh| kdyh rssrvlwh lpsolfdwlrqv
iru wkh glvwulexwlrq ri uhvrxufhv1
48Iljxuh 8 vkrzv krz wkh dvvhw glvwulexwlrq ghshqgv rq ghew dqg wudqvihu ohyhov1 Wkh prvw
qrwdeoh fkdqjhv uhjdug wkh iudfwlrq ri djhqwv zlwk qr zhdowk1 Zkhq ghew lqfuhdvhv/ shrsoh pruh
zloolqjo| hqjdjh lq suhfdxwlrqdu| vdylqjv +ehfdxvh wkh uhwxuq rq fdslwdo lv kljkhu,/ dqg lw lv
frqvhtxhqwo| ohvv olnho| wkdw wkhlu ex￿hu vwrfnv duh ghsohwhg1 Wkh iudfwlrq ri krxvhkrogv zlwk
qr zhdowk lv wkhuhiruh vpdoo zkhq ghew lv kljk1
Wkh Jlql frh￿flhqwv uhsruwhg lq Iljxuh 9 lqglfdwh wkdw lqfrph dqg frqvxpswlrq glvwulexwlrqv
gr qrw fkdqjh vljql￿fdqwo|/ exw wkdw wkh dvvhw glvwulexwlrq ehfrphv pruh frpsuhvvhg zkhq ghew
lqfuhdvhv1 Ri wkh Jlql frh￿flhqwv/ wkh rqh iru frqvxpswlrq lv prvw forvho| uhodwhg wr djhqwv*
xwlolw|1 Krzhyhu/ wkhuh duh dw ohdvw wzr uhdvrqv zk| lw pd| eh d zhdn lqglfdwru ri lqhtxdolw| lq
wklv vhwwlqj dqg khqfh zk| wkh ghfrpsrvlwlrq ri zhoiduh h￿hfwv lv wr suhihu1 Iluvw/ djhqwv ghulyh
xwlolw| qrw rqo| iurp frqvxpswlrq exw dovr iurp ohlvxuh1 Vhfrqg/ wkh frqvxpswlrq Jlql grhv qrw
glvwlqjxlvk yduldwlrqv gxh wr lqhtxdolw| iurp ￿xfwxdwlrqv gxh wr xqfhuwdlqw|1
Wkh glvwulexwlrqdo h￿hfwv ri fkdqjhv lq wudqvihuv duh pruh reylrxv1 Kljkhu ehqh￿w ohyhov
uhgxfh xqfhuwdlqw| vlqfh wkh orzhvw lqfrph ohyho lpsuryhv uhodwlyh wr wkh kljkhvw lqfrph ohyho1
Kljkhu ehqh￿wv dovr lpso| orzhu rxwsxw vlqfh lqfuhdvhg wd{hv glvfrxudjh zrun h￿ruw dqg vdylqj/
dqg vlqfh d ghfolqh lq xqfhuwdlqw| uhgxfhv wkh qhhg iru suhfdxwlrqdu| vdylqj1 Lq dgglwlrq wr
surylglqj lqvxudqfh/ kljkhu wudqvihuv pdnh wkh wd{ v|vwhp pruh uhglvwulexwlyh1 Lw lv wkhq qrw
vxusulvlqj wkdw/ dv zh vhh lq Iljxuhv 6 dqg 7/ wkh xwlolwduldq zhoiduh phdvxuh shdnv dw kljkhu
wudqvihu ohyhov wkdq wkh phdvxuh h{foxglqj htxlw| h￿hfwv1
Iljxuh 9 ghprqvwudwhv wkdw wkh prgho kdv fohdu suhglfwlrqv iru krz yduldwlrqv lq wudqvihuv
d￿hfw glvwulexwlrqv ri lqfrph/ zhdowk/ dqg frqvxpswlrq1 Dv wudqvihuv lqfuhdvh/ dvvhw dqg hduqlqjv
glvwulexwlrqv ehfrph pruh glvshuvhg zkloh wkh glvwulexwlrqv ri frqvxpswlrq dqg jurvv lqfrph
ehfrph pruh frpsuhvvhg1 Zhdowk ehfrphv pruh glvshuvhg vlqfh pruh djhqwv fkrrvh wr krog qr
zhdowk dw doo zkhq wudqvihuv duh kljk1 Shrsoh zlwk orz zdjhv gr qr orqjhu kdyh d ghvshudwh qhhg
wr vdyh lq fdvh wlphv jhw hyhq zruvh1 Zlwk kljkhu ehqh￿w ohyhov/ wkhuh duh dovr ohvv lqfhqwlyhv
iru shrsoh zlwk orz zdjhv dqg prghvw zhdowk wr zrun1
Wdeoh 5 frqwdlqv vrph dgglwlrqdo lqirupdwlrq rq wkh glvwulexwlrqdo h￿hfwv ri srolf|1 L kdyh
frqgxfwhg wkh iroorzlqj h{shulphqw1 Dvvxph wkdw d zrunhu revhuyhv klv fxuuhqw surgxfwlylw|
vwdwh +#>},1 Frqglwlrqdo rq wklv lqirupdwlrq/ li wkh zrunhu frxog fkrrvh d srolf| +E>G,d q g
lpphgldwho| pryh wr wkh vwhdg| vwdwh lq wkdw hfrqrp|/ zklfk srolf| zrxog vkh fkrrvhB L kdyh
uhvwulfwhg wkh srolf| vsdfh wr +E>G, 5i 3=33>3=38>===>3=63j￿i ￿ 4=33>￿3=:8>===>5=83j1L q w k h
49dssur{lpdwlrq ri wkh surgxfwlylw| vsdfh/ wkhuh lv rqh orz dqg rqh kljk ydoxh iru shupdqhqw
h￿hfwv/ #/ dqg vhyhq ydoxhv iru wkh whpsrudu| surgxfwlylw|/ }1 Wkh wdeoh vkrzv wkdw doprvw doo
djhqwv zlwk orz shupdqhqw surgxfwlylw| fkrrvh wkh pd{lpxp ohyho ri wudqvihuv dqg wkh plqlpxp
ohyho ri ghew zkloh wkh rssrvlwh krogv iru wkrvh zlwk kljk shupdqhqw surgxfwlylw|1
Wkh deryh h{huflvh dovr klqwv dw vrph lqwhuhvwlqj srolwlfdo0hfrqrp| dvshfwv1 Li wkh crswlpdo*
ohyho ri wudqvihuv lv 55 shufhqw ri rxwsxw/ zk| lv wkdw ohyho qrw lpsohphqwhg lq uhdolw|B Rqh
dqvzhu frxog eh wkdw wkh srolwlfdo surfhvv grhv qrw lpsohphqw wkh xwlolwduldq zhoiduh ixqfwlrq1
Wdeoh 5 lqglfdwhv wkdw wkh phgldq yrwhu zrxog lq idfw fkrrvh d wudqvihu ohyho durxqg 43 shufhqw
ri rxwsxw/ forvh wr wkh dfwxdo X1V1 ohyho1￿￿
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Rqh pd| dujxh wkdw wkh uhvxowv duulyhg dw vr idu rqo| dsso| wr wkh vshfl￿f +vlpsolvwlf, wd{ dqg
wudqvihu v|vwhp doorzhg iru1 Iru frpsxwdwlrqdo uhdvrqv/ lw kdv ehhq qhfhvvdu| wr uhvwulfw wkh
srolf| vsdfh/ dqg ￿dw/ xqlirup wd{ udwhv dqg oxps0vxp wudqvihuv kdv ehhq d qdwxudo vwduwlqj
srlqw1 Wr h{dplqh wkh urexvwqhvv ri wkh suhylrxv ￿qglqjv/ L frqvlghuhg vrph yduldwlrqv lq wkh
wd{ dqg wudqvihu v|vwhp1 Zh zloo vhh wkdw wkh jhqhudo h￿hfwv ri ghew dqg wudqvihuv gr qrw dsshdu
wr eh vhqvlwlyh wr wkhvh fkdqjhv1
71714 Qr fdslwdo0lqfrph wd{dwlrq
L ￿uvw frqvlghu d yduldwlrq lq wkh wd{ v|vwhp/ qdpho| vhwwlqj wkh fdslwdo lqfrph wd{ udwh/ ￿&/w r
}hur1 Doo jryhuqphqw vshqglqj lv frqvhtxhqwo| ￿qdqfhg wkurxjk wd{hv rq oderu lqfrph1 Rqh
prwlydwlrq iru frqvlghulqj wklv vshfl￿fdwlrq lv Mxgg*v +4<;8, dqg Fkdpoh|*v +4<;9, ￿qglqj wkdw
wkh rswlpdo vwhdg| vwdwh wd{ udwh rq fdslwdo lv }hur1 Krzhyhu/ Dl|djdul +4<<8, vkrzv wkdw wklv
uhvxow grhv qrw jhqhudol}h wr hfrqrplhv zlwk lqfrpsohwh pdunhwv1￿2
Wklv yduldwlrq kdv doprvw qr lpsdfw rq wkh uhvxowv1 Zlwk wkh ehqfkpdun srolf|/ dyhudjh
xwlolw| lv lqglvwlqjxlvkdeoh iurp xwlolw| lq wkh hfrqrp| zlwk wkh vdph srolf| exw xqlirup wd{hv1
Zlwk rqo| oderu0lqfrph wd{hv/ xqfhuwdlqw| lv uhgxfhg vrphzkdw exw wklv zhoiduh jdlq lv r￿vhw
e| kljkhu glvwruwlrqv rq oderu vxsso|1 Xwlolwduldq zhoiduh lv qrz pd{lpl}hg zkhq E @ =55
dqg G @ ￿4=331 Wkh zhoiduh jdlq ryhu wkh ehqfkpdun hfrqrp| lv 6148 shufhqw ri dqqxdo
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4:frqvxpswlrq1
Dovr wkh ghfrpsrvlwlrq ri zhoiduh h￿hfwv lv vlplodu wr wkrvh lq wkh hfrqrp| zlwk xqlirup
wd{hv1 E￿ hqderx*v phdvxuh ri sxuh hfrqrplf h￿flhqf| lv pd{lpl}hg zkhq wudqvihuv duh durxqg
43 shufhqw dqg ghew 583 shufhqw1 Lqghhg/ wkh rqo| fohdu gl￿huhqfh iurp wkh fdvh zlwk xqlirup
wd{hv hphujhv zkhq wudqvihuv duh deryh 58 shufhqw1 Oderu vxsso| wkhq ehfrphv pruh glvwruwhg
dv jryhuqphqw h{shqglwxuh pxvw eh ￿qdqfhg e| doprvw surklelwlyho| kljk wd{hv rq oderu lqfrph1
Iru h{dpsoh/ zkhq wudqvihuv duh 63 shufhqw dqg ghew 583 shufhqw/ wkh wd{ udwh lv ;4 shufhqw1
71715 Phdqv0whvwhg wudqvihuv
Wkh rwkhu yduldwlrq L kdyh h{dplqhg lv d phdqv0whvwhg wudqvihu v|vwhp1 Wklv pd| eh forvhu wr
krz vrfldo lqvxudqfh dfwxdoo| zrunv lq wkh X1V1 Ixuwkhupruh/ e| pdnlqj wkh wd{ dqg wudqvihu
v|vwhp pruh surjuhvvlyh/ phdqv0whvwhg wudqvihuv pd| surylgh ehwwhu lqvxudqfh1 Krzhyhu/ lw lv
dovr h{shfwhg wkdw vdylqj dqg oderu vxsso| ehfrph pruh glvwruwhg iru lqglylgxdov zlwk srwhqwldo
lqfrph forvh wr ru ehorz wkh jxdudqwhhg frqvxpswlrq ￿rru1
L frqvlghu wzr vshfl￿fdwlrqv ri wkh phdqv0whvwhg v|vwhp1 Zlwk wkh ￿uvw vshfl￿fdwlrq/ wudqv0
ihuv duh frqglwlrqhg rq dq djhqw*v wrwdo uhvrxufhv/ erwk lqfrph dqg zhdowk1 Wkh wudqvihu wkhq
wdnhv wkh irup
h e @ pd{
￿





Khuh e lv wkh jxdudqwhhg frqvxpswlrq ￿rru dqg ￿ e wkh pd{lpxp uhvrxufhv doorzhg wr txdoli|
iru zhoiduh ehqh￿wv1 Wkh udwlr e@￿ e ghwhuplqhv krz pxfk wudqvihuv duh uhgxfhg zkhq uhvrxufhv
lqfuhdvh> zkhq e@￿ e @4 > wudqvihuv duh uhgxfhg rqh0iru0rqh iru hyhu| groodu ri h{wud oderu lqfrph
ru zhdowk dffxpxodwhg/ dv lq Kxeedug/ Vnlqqhu dqg ]hoghv +4<<7/ 4<<8,1 Zkhq ￿ e @ 4/ wudqvihuv
duh oxps vxp dqg h e @ e1
Zlwk wkh rwkhu vshfl￿fdwlrq/ wudqvihuv duh rqo| frqglwlrqhg rq lqfrph/
h e @ pd{
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Wdeoh 6 vkrzv uhvxowv iru gl￿huhqw ydoxhv ri e@￿ e zlwk wkh ehqfkpdun srolf| lq wkhvh wudqvihu
v|vwhpv1￿￿ Wkh yduldwlrqv lq uhvxowv duh vwulnlqj1 Lq sduwlfxodu/ zhoiduh lv orz zkhq phdqv
whvwlqj lv vwulfw +l1h1 zkhq e@￿ e @ 4,1 L kdyh orrnhg forvhu dw wzr ri wkhvh wudqvihu v|whpv ~ wkh
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4;rqh frqglwlrqlqj vwulfwo| rq lqfrph dqg zhdowk dqg wkh rqh wkdw |lhogv wkh kljkhvw zhoiduh lq
Wdeoh 41￿e
Zlwk vwulfw phdqv whvwlqj/ djhqwv zlwk orz zdjhv dqg olwwoh zhdowk fkrrvh wr olyh rq wudqvihuv
dqg qrw wr zrun1 Dv d frqvhtxhqfh/ dyhudjh oderu vxsso| lv frqvlghudeo| orzhu wkdq lq wkh
hfrqrp| zlwk oxps0vxp wudqvihuv1 Vlqfh wkrvh zkr vwrs zrunlqj kdyh orz surgxfwlylw|/ oderu
vxsso| lq h￿flhqf| xqlwv lv qrw uhgxfhg wr wkh vdph h{whqw1 E| vkliwlqj wkh oderu exughq
wrzdugv wkh kljko| surgxfwlyh zrunhuv/ djhqwv lq wklv hfrqrp| wkxv hqmr| pruh ohlvxuh zlwkrxw
h{shulhqflqj d odujh uhgxfwlrq lq h￿flhqw oderu vxsso|1 Wkh zhoiduh ghfrpsrvlwlrq frqvhtxhqwo|
vkrzv wkdw wkhuh lv d srvlwlyh ohyho h￿hfw frpsduhg wr wkh hfrqrp| zlwk oxps0vxp wudqvihuv1
Qhyhuwkhohvv/ dyhudjh xwlolw| lv frqvlghudeo| orzhu zkhq wudqvihuv duh vwulfwo| phdqv whvwhg
udwkhu wkdq oxps vxp1 Wkh zhoiduh orvv lv gxh wr vxevwdqwldo lqfuhdvhv lq xqfhuwdlqw| dqg
lqhtxdolw|1 Wkh ghfrpsrvlwlrq ri wkhvh zhoiduh h￿hfwv lv vhqvlwlyh wr krz fhuwdlqw|0htxlydohqw
ohlvxuh lv vshfl￿hg1￿D Wkh jhqhudo h￿hfwv ri ghew vhhp urexvw/ krzhyhu1 Kljkhu ghew lpsolhv
pruh ulvn vkdulqj dqg pruh lqhtxdolw|/ dqg dyhudjh xwlolw| lqfuhdvhv lq ghew li wudqvihuv duh orz1
Dw ￿uvw vljkw/ lw pd| eh vxusulvlqj wkdw ulvn vkdulqj ghwhulrudwhv dqg lqhtxdolw| lqfuhdvhv
zlwk wklv wudqvihu v|vwhp/ vlqfh phdqv0whvwhg wudqvihuv duh wdujhwhg dw orz0lqfrph krxvhkrogv1
Kxeedug/ Vnlqqhu dqg ]hoghv +4<<8, surylgh wkh lqwxlwlrq= Zlwk vwulfwo| phdqv0whvwhg lqvxudqfh
surjudpv/ lqfhqwlyhv wr vdyh dqg zrun duh h{wuhpho| zhdn iru krxvhkrogv zlwk srwhqwldo lqfrph
forvh wr ru ehorz wkh frqvxpswlrq ￿rru1 Vlqfh wkhvh krxvhkrogv gr qrw vdyh/ wkhlu fkdqfhv ri
prylqj dzd| iurp wkh erwwrp hqg ri wkh glvwulexwlrq duh vpdoo1 Wkh h￿hfwv rq wkh zhdowk
glvwulexwlrq duh fohdu1 Lq wkh ehqfkpdun hfrqrp| wkh zhdowklhvw 53 shufhqw ri djhqwv krog 94
shufhqw ri wkh dvvhwv1 Zlwk vwulfwo| phdqv0whvwhg wudqvihuv wklv iudfwlrq lqfuhdvhv wr :; shufhqw1
Wkh Jlql frh￿flhqwv iru zhdowk dqg frqvxpswlrq/ uhsruwhg lq Wdeoh 6/ dovr lqfuhdvh1
Wkh wudqvihu v|vwhp wkdw rqo| frqglwlrqv rq lqfrph grhv qrw glvfrxudjh dvvhw dffxpxodwlrq
wr wkh vdph h{whqw dv wkh ￿uvw wudqvihu v|vwhp1 Zkhq wkh whvwlqj lv vriw +e@￿ e @ =4, zhoiduh wxuqv
rxw wr eh kljkhu wkdq zlwk oxps vxp wudqvihuv1 Iljxuh : ghslfwv zhoiduh h￿hfwv ri gl￿huhqw ohyhov
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4<ri ghew dqg wudqvihuv lq wklv wudqvihu v|vwhp1 Wkh jhqhudo sdwwhuq ri wkh h￿hfwv lv vlplodu wr
wkdw zlwk oxps0vxp wudqvihuv1 Wkh vdph krogv iru wkh ghfrpsrvlwlrq ri wkh zhoiduh h￿hfwv +qrw
uhsruwhg lq wkh ￿jxuh,1 Dyhudjh xwlolw| lv pd{lpl}hg zkhq wudqvihuv duh 49 shufhqw ri rxwsxw
dqg ghew lv ￿433 shufhqw1 Wkh zhoiduh jdlq lv wkhq 51; shufhqw frpsduhg wr wkh hfrqrp| zlwk
oxps0vxp wudqvihuv dqg ehqfkpdun srolf|1
Wkhvh h{shulphqwv kdyh vkrzq wkdw wkh rxwfrph dqg h￿hfwlyhqhvv ri phdqv0whvwhg wudqvihu
v|vwhpv duh vhqvlwlyh wr krz wkh v|vwhp lv ghvljqhg1 Li wkh v|vwhp glvfrxudjhv dvvhw dffxpxodwlrq
ri orz0lqfrph krxvhkrogv/ zhoiduh pd| ehfrph frqvlghudeo| orzhu wkdq zkhq wudqvihuv duh oxps
vxp1 D zhoo ghvljqhg surjudp/ krzhyhu/ dsshduv deoh wr surylgh h￿hfwlyh lqvxudqfh hyhq zkhq
wkh wudqvihu surjudp lv rqo| ri prghvw vl}h1 Vwloo/ qrqh ri wkh phdqv0whvwhg surjudpv wkdw L kdyh
h{dplqhg dfklhyhg dv kljk zhoiduh dv wkh rswlpdo v|vwhp zlwk oxps0vxp wudqvihuv1
D 544@h) @?_ UL?U*tL?
Wklv vwxg| kdv vkrzq wkdw hyhq li fkdqjhv lq jryhuqphqw ghew kdyh olwwoh lpsdfw rq d xwlolwduldq
zhoiduh phdvxuh/ wkh lqvxudqfh ydoxh ri lqfuhdvlqj ghew fdq eh odujh1 Ixuwkhu/ xwlolwduldq zhoiduh
h￿hfwv ri ghew rqo| dsshdu wr eh qhjoljleoh zkhq wudqvihuv duh durxqg wrgd|*v ohyho1 Wkh srvlwlyh
lqvxudqfh h￿hfwv duh wkhq mxvw r￿vhw e| qhjdwlyh h￿hfwv rq htxlw|1 Zhoiduh jdlqv ri lqfuhdvlqj
wudqvihu ohyhov fdq eh odujh/ erwk ehfdxvh ri dgglwlrqv wr lqvxudqfh dqg wr htxlw|1
Lq surylglqj lqvxudqfh dqg uhglvwulexwlrq/ wudqvihuv zloo zrun pruh h￿flhqwo| wkdq sxeolf
ghew zkhq d xwlolwduldq zhoiduh fulwhulrq lv xvhg1 Lq idfw/ zkhq wkh jryhuqphqw lv doorzhg wr
fkrrvh wudqvihuv rswlpdoo|/ wkh uroh iru sxeolf ghew glvdsshduv dqg wkh rswlpdo ohyho ri ghew lv
￿433 shufhqw ri rxwsxw1 Li/ krzhyhu/ uhglvwulexwlyh h￿hfwv duh ljqruhg zkhq srolf| lv hydoxdwhg/
d wrwdoo| gl￿huhqw slfwxuh hphujhv1 Wkh rswlpdo srolf| lv wkhq wr kdyh dv kljk ghew dv srvvleoh
+583 shufhqw ri rxwsxw, dqg wr ohw wudqvihuv eh dw wkh fxuuhqw ohyho1
Dffruglqj wr wkh prgho/ wkh zhoiduh jdlqv ri vkliwlqj iurp wrgd|*v ohyho ri ghew +9: shufhqw
ri rxwsxw, dqg wudqvihuv +;15 shufhqw, wr wkh rswlpdo ohyhov/ ￿433 dqg 56 shufhqw uhvshfwlyho|/
zrxog eh 617 shufhqw ri dqqxdo frqvxpswlrq1 Wklv dqdo|vlv devwudfwv iurp wkh zhoiduh ehqh￿wv
ru orvvhv dvvrfldwhg zlwk wkh wudqvlwlrq wr wkh qhz vwhdg| vwdwh1 Wkh fdslwdo vwrfn zloo ghfuhdvh
lq wkh wudqvlwlrq iurp d vwhdg| vwdwh zlwk orz wudqvihuv wr rqh zlwk kljk wudqvihuv1 Wkhuh duh
wkhq h{wud zhoiduh jdlqv iurp wkh wudqvlwlrq/ vlqfh sduw ri wkh fdslwdo vwrfn fdq eh frqvxphg
lq wkh wudqvlwlrq1 Rq wkh rwkhu kdqg/ uhgxflqj ghew lv frvwo| gxulqj wkh wudqvlwlrq1 Lq wkdw
53wudqvlwlrq/ ghew pxvw eh uhsdlg dqg dgglwlrqdo lqyhvwphqwv lq sk|vlfdo fdslwdo duh qhhghg1
Li uhgxflqj wkh sxeolf ghew iurp wrgd|*v ohyho lv qrw srolwlfdoo| ihdvleoh/ wkh rswlpdo wudqvihu
ohyho lv 4< shufhqw ri rxwsxw dqg wkh zhoiduh jdlq ryhu fxuuhqw srolf| lv 519 shufhqw ri dqqxdo
frqvxpswlrq1
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Dl|djdul/ V1 Udr/ 4<<7/ Xqlqvxuhg Lglrv|qfudwlf Ulvn dqg Djjuhjdwh Vdylqj/ Txduwhuo| Mrxuqdo
ri Hfrqrplfv/ 43</ 64406641
Dl|djdul/ V1 Udr/ 4<<8/ Rswlpdo Fdslwdo Lqfrph Wd{dwlrq zlwk Lqfrpsohwh Pdunhwv/ Eruurzlqj
Frqvwudlqwv/ dqg Frqvwdqw Glvfrxqwlqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 436/ 448;044:81
Dl|djdul/ V1 Udr/ dqg Hoohq U1 PfJudwwdq/ 4<<;/ Wkh Rswlpxp Txdqwlw| ri Ghew/ Mrxuqdo ri
Prqhwdu| Hfrqrplfv/ 75/ 77:079<1
Dl|djdul/ V1 Udr/ dqg Gdq Shohg/ 4<<8/ Vrfldo Lqvxudqfh dqg Wd{dwlrq Xqghu Vhtxhqwldo Pd0
mrulw| Yrwlqj dqg Xwlolwduldq Uhjlphv/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv/ Uhvhdufk
Ghsduwphqw Vwd￿ Uhsruw 4<:1
Dowrqml/ Mrvhsk J1/ 4<;9/ Lqwhuwhpsrudo Vxevwlwxwlrq lq Oderu Vxsso|= Hylghqfh iurp Plfur
Gdwd/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <7/ V4:90V5481
Dwnhvrq/ Dqguhz/ dqg Urehuw H1 Oxfdv/ Mu1/ 4<<8/ H￿flhqf| dqg Htxdolw| lq d Vlpsoh Prgho
ri H￿flhqw Xqhpsor|phqw Lqvxudqfh/ Mrxuqdo ri Hfrqrplf Wkhru|/ 99/ 970;;1
Dwwdqdvlr/ Rud}lr/ dqg Vwhskhq M1 Gdylv/ 4<<9/ Uhodwlyh Zdjh Pryhphqwv dqg wkh Glvwulexwlrq
ri Frqvxpswlrq/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437/ 455:045951
Edoo/ Odxuhqfh/ dqg Q1 Juhjru| Pdqnlz/ 4<<8/ Zkdw Gr Exgjhw Gh￿flwv GrB lq= Exgjhw
Gh￿flwv dqg Ghew= Lvvxhv dqg Rswlrqv/ V|psrvlxp Surfhhglqjv/ Ihghudo Uhvhuyh Edqn ri
Ndqvdv Flw|1
Eduur/ Urehuw M1/ 4<:</ Rq wkh Ghwhuplqdwlrq ri wkh Sxeolf Ghew/ Mrxuqdo ri Srolwlfdo Hfrqrp|/
;:/ <730<:41
E￿ hqderx/ Urodqg/ 4<<;/ Pdfurhfrqrplfv dqg Sxeolf Ilqdqfh zlwk Khwhurjhqrxv Djhqwv= Zkdw
Ohyho ri Uhglvwulexwlrq Pd{lpl}h Lqfrph dqg H￿flhqf|B/ pdqxvfulsw/ Qhz \run Xqlyhu0
vlw|1
Fdug/ Gdylg/ 4<<4/ Lqwhuwhpsrudo Oderu Vxsso|= Dq Dvvhvvphqw/ QEHU Zrunlqj Sdshu/ Qr1
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55Fkdpoh|/ Fkulvwrskh/ 4<;9/ Rswlpdo Wd{dwlrq ri Fdslwdo Lqfrph lq Jhqhudo Htxloleulxp zlwk
Lq￿qlwh Olyhv/ Hfrqrphwulfd/ 87/ 93:09551
Fkdul/ Y1Y1/ Odzuhqfh M1 Fkulvwldqr/ dqg Sdwulfn M1 Nhkrh/ 4<<7/ Rswlpdo Ilvfdo Srolf| lq d
Exvlqhvv F|foh Prgho/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 435/ 94:09851
Froh/ Kdurog O1/ dqg Qdud|dqd Nrfkhuodnrwd/ 4<<;/ H￿flhqw Doorfdwlrqv Zlwk Klgghq Lqfrph
dqg Klgghq Vwrudjh/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv/ Uhvhdufk Ghsduwphqw Vwd￿
Uhsruw 56;1
G￿ ld}0Jlp￿ hqh}/ Mdylhu/ Ylqfhq}r Txdgulql/ Mrv￿ h0Y￿ lfwru U￿ lrv0Uxoo/ 4<<:/ Glphqvlrqv ri Lqhtxdo0
lw|= Idfwv rq wkh X1V1 Glvwulexwlrqv ri Hduqlqjv/ Lqfrph/ dqg Zhdowk/ Ihghudo Uhvhuyh
Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz/ 54/ 60541
Grphlm/ Gdylg/ dqg Mrqdwkdq Khdwkfrwh/ 5333/ Fdslwdo yhuvxv Oderu Lqfrph Wd{dwlrq zlwk
Khwhurjhqrxv Djhqwv/ pdqxvfulsw/ Vwrfnkrop Vfkrro ri Hfrqrplfv1
Iorg￿ hq/ Pduwlq/ dqg Mhvshu Olqg￿ h/ 4<<</ Lglrv|qfudwlf Ulvn lq wkh X1V1 dqg Vzhghq= Lv wkhuh d
Uroh iru Jryhuqphqw LqvxudqfhB/ pdqxvfulsw/ Vwrfnkrop Vfkrro ri Hfrqrplfv1
Jdoh/ Grxjodv/ 4<<3/ Wkh H￿flhqw Ghvljq ri Sxeolf Ghew/ lq= Uxgljhu Gruqexvfk dqg Pdulr
Gudjkl/ hgv1= Sxeolf Ghew Pdqdjhphqw= Wkhru| dqg Klvwru|/ Fdpeulgjh Xqlyhuvlw| Suhvv1
Jkh}/ Jloehuw U1 dqg Jdu| V1 Ehfnhu/ 4<:8/ Wkh Doorfdwlrq ri Wlph dqg Jrrgv ryhu wkh Olih
F|foh/ Froxpeld Xqlyhuvlw| Suhvv1
Kxeedug/ U1 Johqq/ Mrqdwkdq Vnlqqhu/ dqg Vwhskhq S1 ]hoghv/ 4<<7/ Wkh lpsruwdqfh ri Suh0
fdxwlrqdu| Prwlyhv lq H{sodlqlqj Lqglylgxdo dqg Djjuhjdwh Vdylqjv/ Fduqhjlh0Urfkhvwhu
Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 73/ 8<04581
Kxeedug/ U1 Johqq/ Mrqdwkdq Vnlqqhu/ dqg Vwhskhq S1 ]hoghv/ 4<<8/ Suhfdxwlrqdu| Vdylqj dqg
Vrfldo Lqvxudqfh/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 436/ 69306<<1
Kxjjhww/ Pdun/ 4<<6/ Wkh Ulvn Iuhh Udwh lq Khwhurjhqhrxv0Djhqwv/ Lqfrpsohwh Lqvxudqfh
Hfrqrplhv/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 4:/ <860<:31
Mdsshool/ Wxoolr/ 4<<3/ Zkr lv Fuhglw Frqvwudlqhg lq wkh X1V1 Hfrqrp|B/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv/ 438/ 54<0671
56Mxgg/ Nhqqhwk O1/ 4<;8/ Uhglvwulexwlyh Wd{dwlrq lq d Vlpsoh Shuihfw Iruhvljkw Prgho/ Mrxuqdo
ri Sxeolf Hfrqrplfv/ 5;/ 8<0;61
Nlqj/ Urehuw J1/ Fkduohv L1 Sorvvhu/ dqg Vhujlr Uhehor/ 4<;;/ Surgxfwlrq/ Jurzwk dqg Exvlqhvv
F|fohv= L1 Wkh Edvlf Qhrfodvvlfdo Prgho/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 54/ 4<805651
Nuxhjhu/ Glun/ dqg Ideul}lr Shuul/ 4<<;/ Ulvn Vkdulqj= Sulydwh Lqvxudqfh Pdunhwv ru Uhglv0
wulexwlyh Wd{hvB/ pdqxvfulsw/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Uhvhdufk Ghsduwphqw1
Oxfdv/ Urehuw H1 Mu1/ dqg Qdqf| O1 Vwrnh|/ 4<;6/ Rswlpdo Ilvfdo dqg Prqhwdu| Srolf| lq dq
Hfrqrp| Zlwkrxw Fdslwdo/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 45/ 880<61
PdFxug|/ Wkrpdv H1/ 4<;4/ Dq Hpslulfdo Prgho ri Oderu Vxsso| lq d Olih0F|foh Vhwwlqj/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;</ 438<043;81
Vwruhvohwwhq/ Nmhwlo/ Fkulv L1 Whophu/ dqg Dplu \durq/ 4<<:/ Frqvxpswlrq dqg Ulvn Vkdulqj
ryhu wkh Olih F|foh/ pdqxvfulsw/ Fduqhjlh Phoorq Xqlyhuvlw|1
Wdxfkhq/ Jhrujh/ 4<;9/ Ilqlwh Vwdwh Pdunry Fkdlq Dssur{lpdwlrqv wr Xqlyduldwh dqg Yhfwru
Dxwruhjuhvvlrqv/ Hfrqrplfv Ohwwhuv/ 53/ 4::04;41
Yduldq/ Kdo U1/ 4<;3/ Uhglvwulexwlyh Wd{dwlrq dv Vrfldo Lqvxudqfh/ Mrxuqdo ri Sxeolf Hfrqrplfv/
47/ 7<09;1
Zrrgirug/ Plfkdho/ 4<<3/ Sxeolf Ghew dv Sulydwh Oltxlglw|/ Dphulfdq Hfrqrplf Uhylhz Sdshuv
dqg Surfhhglqjv/ ;3/ 6;506;;1
]hoghv/ Vwhskhq/ 4<;</ Frqvxpswlrq dqg Oltxlglw| Frqvwudlqwv= Dq Hpslulfdo Lqyhvwljdwlrq/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ <:/ 63806791
57TTi?_ G hLLu Lu hLTLt|L? 
Iurp Gh￿qlwlrqv 4 dqg 9/ zh rewdlq
x
￿






￿ f>4 ￿￿ o
￿
g￿= +D14,
Gh￿qlwlrqv 4 dqg 8 lpso| wkdw x++4 ￿ s￿?S,F>4 ￿ O,@x
￿ ￿ F>4 ￿ ￿ O
￿
= E| frqvwuxfwlrq/ ￿ O @ O/
khqfh +4 ￿s￿?S,F @ ￿ F zklfk lv xvhg lq +D14, wr jhw




￿ f>4 ￿￿ o
￿
g￿= +D15,











Wrjhwkhu zlwk +D15, wklv uhvxowv lq
" [
r’|



































Qrz qrwh wkdw e| gh￿qlwlrq x
￿






/ dqg e| dvvxpswlrq x+{f>4 ￿ o,@








































Diwhu uhduudqjlqj dqg xvlqj Gh￿qlwlrqv ;043 zh rewdlq
$L @+ 4.$,e￿,+4.$￿?S,+4.$￿?e, ￿ 4=
58Wdeoh 41 Surshuwlhv ri X1V1 dqg Prgho Hfrqrplhv
Prgho hfrqrplhv
Vwdwlvwlf X1V1 +4, +5, +6, +7, +8, +9, +:, +;, +<,
lqwhuhvw udwh/ suh0wd{ 7183@ 7183 8179 7183 7183 6138 6144 813; 8178 8158
lqwhuhvw udwh/ srvw0wd{ q2d 51;5 5188 51;4 51;4 6138 6144 614: 6174 51<4
fdslwdo0rxwsxw udwlr 5183@ 5183 5165 5183 5183 51;7 51;6 516< 5165 5168
krxuv 166K 15< 159 163 163 15< 158 154 15; 15:
h￿flhqf| krxuv q2d 165 15; 167 164 164 15; 15; 163 15<
wd{ udwh 16;@ 16; 186 16; 16; 177 194 16: 16: 178
f1y1/ krxuv q2d 149 14; 15: 146 14: 14< 1:4 149 149
f1y1/ frqvxpswlrq q2d 179 16: 15: 164 178 168 183 175 16;
f1y1/ glvs1 lqfrph q2d 1:: 1:4 1;9 183 1:: 1:4 1;: 1:5 19:
jlql/ frqvxpswlrq q2d 158 154 15: 14: 158 14< 15; 156 154
jlql/ zhdowk 1:;S 194 1:5 195 176 18< 19; 1:9 197 1:3
jlql/ glvs1 lqfrph 18:S 16: 166 173 15: 16: 167 176 168 165
jlql/ hduqlqjv 196S 175 176 179 164 175 177 187 174 174
Ghvfulswlrq ri prgho hfrqrplhv=
+4, ehqfkpdun vshfl￿fdwlrq dqg ehqfkpdun srolf|
+5, ehqfkpdun vshfl￿fdwlrq/ rswlpdo srolf| +E @ =56 dqg G @ ￿4=33,
+6, kljk oderu0vxsso| hodvwlflw| +￿ @ 4,/ ehqfkpdun srolf|
+7, ohvv lqfrph ulvn +￿ @ =93 dqg ￿0 @ =57,/ ehqfkpdun srolf|
+8, qr fdslwdo0lqfrph wd{dwlrq/ ehqfkpdun srolf|
+9, qr fdslwdo0lqfrph wd{dwlrq/ rswlpdo srolf| +E @ =55 dqg G @ ￿4=33,
+:, wudqvihuv frqglwlrqhg rq lqfrph dqg zhdowk/ vwulfw yhuvlrq +e@￿ e @ 4,/ ehqfkpdun srolf|
+;, wudqvihuv frqglwlrqhg rq lqfrph/ e@￿ e @ =4/ ehqfkpdun srolf|
+<, wudqvihuv frqglwlrqhg rq lqfrph/ e@￿ e @ =4/ rswlpdo srolf| +E @ =49 dqg G @ ￿4=33,
￿L|iG V@*￿it ￿? ￿|@*￿Ut ￿@￿i Mii? U@*￿Mh@|i_ |L 4@|U￿ N￿5￿ _@|@￿ ￿Li￿U￿i?|t Lu ￿@h￿@|￿L? @hi U@*U￿*@|i_ L? |￿i
UhLtt￿tiU|￿L? Lu ￿?_￿￿￿_￿@*t￿
5L￿hUitG
@￿ ￿￿)@}@h￿ @?_ ￿UBh@||@? E￿bbH￿￿
K￿ B￿i3 @?_ ￿iU!ih E￿b.D￿￿
S￿ ￿bb2 5￿h￿i) Lu ￿L?t￿4ih 6￿?@?Uit
@t hiTLh|i_ ￿? #￿ ￿@3￿B￿4￿ i?i3 i|￿@*￿ E￿bb.￿￿Wdeoh 51 Rswlpdo Srolf| Frqglwlrqdo rq Lglrv|qfudwlf Vwdwh
Orz # Kljk #
}z E W GW zE W GW
}￿ =47 =63 ￿4=33 =5: =48 5=83
}2 =55 =63 ￿4=33 =76 =43 5=83
}￿ =68 =63 ￿4=33 =:3 =38 5=83
}e =8: =63 ￿4=33 4=46 =33 5=83
}D =<6 =63 ￿4=33 4=;6 =33 5=83
}S 4=83 =58 ￿4=33 5=<: =33 5=83
}. 5=77 =38 5=83 7=;4 =33 5=83
￿L|iG ￿ ￿t |￿i Thiti?| ￿@}ic }￿￿i? M) |￿i ThL_￿U|￿￿￿|) t|@|i E￿c5￿c @?_ E￿
Wc(
W￿ ￿t |￿i TL*￿U) E|h@?tuihtc _iM|￿
|￿@| |￿i @}i?| ￿L￿*_ U￿LLti ￿u ￿i UL￿*_ 4@!i @ L?Ui￿@?_￿uLhi￿ih _iU￿t￿L? L? TL*￿U) @?_ ￿u |￿i iUL?L4) ￿L￿*_
￿44i_￿@|i*) |h@?tuih |L |￿i ?i￿ t|i@_) t|@|i￿Wdeoh 61 Gl￿huhqw wudqvihu v|vwhpv
Wudqvihu v|vwhp Jlql ( ri zhdowk khog e|
Whvw fulwhulrq e@ee $L K zhdowk frqv1 wrs 53( wrs 8(
qrqh +oxps vxp, 3 ;15 313 164 193 157 94 58
lqfrph . zhdowk 4 5819 0<15 15; 1:9 15; :; 67
lqfrph . zhdowk =8 5814 031: 15< 1;5 159 <3 75
lqfrph . zhdowk =4 4719 0613 163 1;9 159 <9 7;
lqfrph 4 5714 0<1; 15; 1:4 15; :6 65
lqfrph =8 5715 0417 15< 1:: 158 ;4 6<
lqfrph =4 4616 415 163 197 156 98 5;
￿L|iG K ￿t i Thitti_ ￿? TihUi?| Lu L￿|T￿|c /
L ￿t |￿i ￿|￿*￿|@h￿@? ￿i*u@hi }@￿? UL4T@hi_ |L |￿i Mi?U￿4@h! iUL?L4)
E￿￿|￿ |￿i i |i?_i_ ThL_￿U|￿￿￿|) }h￿_c tii uLL|?L|i ￿e￿c @?_ M ￿t |￿i @}}hi}@|i *@MLh t￿TT*) ￿? i￿U￿i?U) ￿?￿|t￿6}hi  ,giU|t Lu Ah@?tuiht














































































































Qrwh= K lv djjuhjdwh oderu vxsso|/ KT lv djjuhjdwh oderu vxsso| lq h￿flhqf| xqlwv/ \ lv
djjuhjdwh surgxfwlrq1 cDvvhwv* duh fdslwdo soxv ghew1 Dvvhwv/ fdslwdo dqg wudqvihu duh h{suhvvhg
dv iudfwlrqv ri rxwsxw16}hi 2 ,giU|t Lu BLih?4i?| #iM|



















































































































Qrwh= Ghew lv h{suhvvhg dv d iudfwlrq ri rxwsxw1 Vhh dovr Iljxuh 416}hi  N|*|@h@? `i*u@hi B@? Lu L*U) @?}i
























Qrwh= Wkh frqwrxu olqhv uhsuhvhqw zhoiduh jdlqv/ lq shufhqw ri dqqxdo frqvxpswlrq/ ri fkdqjlqj
iurp wkh ehqfkpdun srolf| wr d srolf| zlwk wkh lqglfdwhg wudqvihu dqg ghew16}hi e #iUL4TLt|L? Lu `i*u@hi B@?







































































Qrwh= Vhh Iljxuh 616}hi D `i@*| #t|hM|L?t



















Qrwh= Wkh judsk vkrzv wkh iudfwlrq ri djhqwv zlwk dvvhw kroglqjv ehorqjlqj wr elqv ri vl}h 3151
Iru h{dpsoh/ lq wkh ehqfkpdun hfrqrp| dssur{lpdwho| 4; shufhqw ri djhqwv krog dvvhwv zruwk
ohvv wkdq 151 Dvvhw kroglqjv duh h{suhvvhg dv iudfwlrqv ri rxwsxw16}hi S #t|hM|L? ,giU|t Lu #iM| @?_ Ah@?tuiht












































































































Qrwh= Glvsrvdeoh lqfrph lv wrwdo suh0wd{ lqfrph lqfoxglqj wudqvihuv1 G lv wkh ghew ohyho dv d
iudfwlrq ri rxwsxw dqg E lv wkh wudqvihu ohyho16}hi . W?UL4iAit|i_ Ah@?tuihtc K*7 K 'f 






































Qrwh= Zhoiduh jdlqv duh uhodwlyh wr wkh hfrqrp| zlwk oxps0vxp wudqvihuv dqg ehqfkpdun srolf|1
Vhh dovr Iljxuh 61